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INTRAVASCULAR AGGLUTINATION OF ERYTHROCYTES 
(SLUDGED BLOOD) AND TRAUMATIC SHOCK 


R. O. HetmmBecker, M.D.,* anp W. G. BicELow, M.D.,+ Toronto, CANADA 
(From the Faculty of Medicine, University of Toronto) 


N A previous study the relationship between intravascular agglutination 
of erythrocytes, sedimentation rate, and vascular stasis in trauma was re- 
ported. It is difficult to study experimental trauma without introducing a 
state of traumatic shock and it was soon realized that the character of the 
blood flow observed in the living vascular bed was being profoundly influenced 
by the blood pressure and degree of hemoconcentration and vasospasm. In- 
deed, a slow sludgelike flow could be obtained in sudden traumatic shock with 
what appeared to be a minimal degree of intravascular agglutination. Knisely 
had suggested that the circulating agglutinated clumps, which he has described 
as sludge, might contribute to the development of surgical shock by impeding 
the circulation and causing a generalized fluid loss. This study was thus de- 
vised to assess the role of red cell agglutination in the production of sludgelike 
flow and to identify its relationship to traumatic shock. 

It had previously been concluded that, ‘‘Following local trauma to the 
area under microscopic observation there was cessation of flow in the smaller 
vessels. The red cells became packed into dark red, homogeneous masses. This 
phenomenon has been described as vascular stasis. Resolution of stasis was 
observed in which the columns broke off into the general circulation as circu- 
lating clumps. Animals exposed to trauma consistently showed agglutinated 
clumps of red cells in the general circulation after injury. These clumps 
appeared to act as emboli, and produced slowing and stasis in areas remote 
from the trauma.”’ 

In this study, three problems were investigated: (1) Can generalized in- 
travascular clumping from trauma occur in the absence of traumatic shock? 
(2) Is the picture of abnormal flow in the vascular bed in traumatic shock due 
entirely to the effects of intravascular agglutination? (3) Cana state of elini- 
cal shock occur in the absence of generalized intravascular clumping? 
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METHODS 


Microscopie examination of the vascular bed was carried out by 2 prin- 
ciple methods: (1) The area of the external vascular bed chosen for study 
was the conjunctiva, which was obliquely illuminated by a light source at- 
tached to the microscope (Fig. 2). This small focusing lamp was fitted with a 
heat absorbing filter, and was connected to a transformer and rheostat. Thus 


* 


Fig. 1.—Quartz rod transillumination technique. A, quartz rod conducting light to tissue; B, 
insulated tube carrying Ringer’s solution. 


the light could be adjusted to provide sufficient illumination without causing 
vascular changes due to heat. (2) The area of the internal vascular bed chosen 
for study was the omentum or mesentery. These tissues were transilluminated 


by light which was conducted through a fused quartz rod (Fig. 1). Gelatin 


Ringer’s solution at 39° C.* flowed constantly over and under the tissue. With 
this apparatus, as described in detail in a previous communication,’ it was pos- 
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sible to keep the same area of the vascular bed in its physiological state, while 
under constant observation for 4 hours. 

Magnifications varied from x7 to x400. A binocular microscope was used 
for viewing. For cinema recordings a monocular microscope coupled with a 
Kodak Special movie camera was used. Vessel caliber was determined by a 
micrometer scale mounted in the microscope ocular. 

Rabbits and dogs were used in this study. Only animals free of any celini- 
eal evidence of disease were used. All were anesthetized with barbiturates or 
urethane using light anesthesia so that there would be no depression of cardiae 
or respiratory function. The conjunctiva was then examined to confirm the 
presence of an agglutination-free circulation. 


“ 





Fig. 2.—Examination of the vascular bed in the scleral conjunctiva by oblique illumination. 
The steroscopic microscope is on a swing arm mounting. The light source is adjustable, with 
heat-absorbing lenses. 

The development of surgical shock was followed by serial hematocrit read- 
ings using Wintrobe tubes. . Cardiae rate was recorded along with mean 
arterial blood pressure, using a carotid canulla and mercury manometer. In 
more prolonged experiments, systolic blood pressure was determined by a blood 
pressure cuff and leg plethysmograph. 
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Trauma without associated traumatic shock was produced in 2 ways: 


(1) Rabbits were traumatized by 400 to 600 light blows applied to the 
back legs. A rubber hammer and padded stand were used so that a minimal 
amount of edema and internal hemorrhage would result. (2) Dogs received 1 
second 6 per cent boiling water burns of 1 shaved extremity after the method 
of Drinker. Their limbs were protected from further injury by a heavy bandage 
or plaster case loosely applied. 

Trauma with mild traumatic shock was produced by 3 second 6 per cent 
boiling water burns of 1 extremity in the same manner. 

Trauma with severe traumatic shock was produced by 10 to 30 second boil- 
ing water burns to 6 to 10 per cent surface area of dogs and rabbits. In order to 
observe and photograph a single area of the vascular bed both before and after 
the burn, 5 rabbits received flame burns of 1 to 2 minutes. A Bunsen burner 
flame was applied to their shaved backs while the omental circulation was being 
observed under the microscope. 

A clinical state of shock without trauma was produced in 3 ways: 

(1) Hemoconcentration was produced by a method of sodium depletion.‘ 
The dog’s peritoneal cavity was carefully infused with a 5 per cent glucose in 
distilled water solution at 39° C., requiring 100 ¢.e. per kilogram body weight. 
If the volume of fluid administered appeared to be causing distress in any way, 
only part was given at a time, whereupon it was removed before the remainder 
of the solution was given. 

(2) Hemorrhagic shock was produced by a graded hemorrhage technique as 
used by Zweifach and Chambers.® The animal was progressively bled over a 
period of 3 to 4 hours to keep the blood pressure below 70 mm. of mereury. 

(3) Histamine shock was produced by injections of histamine phosphate of 
1.0 mg. per kilogram of body weight.° 

Intravenous therapy was administered at 25 to 50 ¢.c. per hour. Citrated 
fresh dog plasma and reconstituted dried human plasma were equally effective. 
Also, 0.9 per cent saline solution in distilled water was given. 


OBSERVATIONS 


Normal Circulation.—This was completely described in the previous com- 
munication. Healthy animals showed rapid, even, vascular flow of the cellular 
elements. Normal rate in the arterioles and venules was indicated by the in- 
ability to see individual red cells. In these vessels longitudinal streaking was 
observed and interpreted as evidence of laminar flow, which is caused by con- 
eentrie layers of individual cells moving more rapidly near the center of the 
vessel. A clear layer of plasma occupied the periphery. The smaller capillaries 
were only 1 cell diameter and allowed the red cells to pass smoothly in single 
file, demonstrating what Knisely has aptly termed, ‘‘a perpetual bottle-neck 
of the cireulatory system.’’! The red cells appeared to remain discrete with 
no tendency for clumping or rouleau formation. . 
Intravascular Agglutination Without Shock.—Four dogs were burned, and 
12 rabbits were traumatized by light hammer blows (see under Methods). After 
the injury the animals were active and suffered little or no swelling of the in- 
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jured limbs. Changes in blood pressure, pulse rate, and hematocrit values were 
insignificant, showing the absence of surgical shock. 

The conjunctiva showed consistent changes, the first abnormality appearing 
in 12 to 24 hours and reaching a peak in 24 to 48 hours. There was moderately 
diminished rate of flow, as best seen in capillaries and venules. Most capillaries 
showed red cells passing in clumps, often separated by clear areas of plasma. 
Some capillaries were static (cessation of flow) and were usually filled with dark 
red homogeneous clumps of red cells. Sometimes capillary stasis was only tran- 
sient, after which the clumps were once again swept into the general circula- 
tion. Measurements of vessel caliber showed no definite evidence of arteriolar 
constriction, although minor degrees may have existed. 

The omentum and mesentery showed similar circulating clumps, but rapid 
flow persisted, and at no time was there any vascular slowing or stasis. 

The conjunctival capillary stasis reached a peak in about 48 hours, while 
the clumping increased until the fifth day, after which it diminished over 10 
to 14 days. There was considerable variation in the susceptibility of different 
animals to red cell agglutination, but all showed some degree of change. 

Intravascular Agglutination With Mild Traumatic Shock.—Burns designed 
to produce mild surgical shock (see under Methods) were administered to the 
hind legs of 25 dogs. After the injury these dogs appeared lethargic and 
showed moderate swelling of the burned leg. Blood pressure, pulse, and hema- 
tocrit changes are given in Fig. 3. This clinical evidence of shock was usually 
observed 8 to 10 hours after the burn. No deaths occurred. 

Circulatory changes were noted earlier and they were more marked than 
following trauma without shock. 

The conjunctival vessels showed earliest change in flow at 5 to 8 hours, 
reaching a peak in 24 to 48 hours. As in the previous group of animals, the 
vascular stasis diminished after 5 days, but the clumps were still evident when 
last observed on the tenth day. Slowing of the flow was more marked, with 
many venules showing a creeping, porridgelike flow. Some showed temporary 
stasis, often followed by a reversal of direction of flow. Many capillaries were 
permanently static. Others showed clumps rushing through. Vasoconstric- 
tion was noted in many arterioles. 

The omentum showed similar circulating clumps, but no appreciable vaso- 
constriction, slowing of flow, or stasis. 

Intravascular Agglutination With Severe Traumatic Shock.—Burns de- 
signed to produce severe traumatic shock (see under Methods) were adminis- 
tered to the hind legs of 13 rabbits and 20 dogs. Here the onset of shock was 
early, and the animals either died or were sacrificed within 48 hours. 

Changes in blood flow through the conjunctiva were early, and marked by 
widespread stasis as the shock progressed. 

As the vascular stasis progressed and spread to involve adjacent arterioles, 
they appeared to relax and resume their normal size. Some degree of relaxa- 
tion of eapillaries was observed after they had become static. This is not in 
keeping with the work of Zweifach, Chambers, and Lowenstein, who stated 





466 HEIMBECKER AND BIGELOW ; Surge 

September, 195( 
that vasodilatation is the primary phenomenon producing pooling and trapping 
in tourniquet shock. 

They also described periodic waves of contraction of arterioles and 
metarterioles in normal circulation which they have called vasomotion. The) 
have observed an accentuation of vasomotion in early stages of tourniquet shock. 
We have observed vasomotion in the normal animal but have failed to see an 
appreciable increase in any stage of burn shock. The precapillary sphincters 
which they described have not been identified, and their mode of action not 
visualized. 


TRAUMATIC SHOCK STUDY - Dog 87. 
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Fig. 3.—The relationship between traumatic shock and intravascular agglutination in 2 
typical experiment. 

Intravascular Agglutination With Mild Traumatic Shock, Treated by 
Intravenous Infusion.—Six experiments were performed on dogs previously de- 
scribed as having mild traumatie shock. Transfusion of plasma and 0.9 per 
cent saline solution were administered in an attempt to see how much the di- 
minished blood volume of traumatic shock might be contributing to the vascu- 
lar changes observed. It was hoped that by correcting the low blood pressure, 
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hemoconcentration, and peripheral vasoconstriction, one might observe the true 
effeets of the agglutinated clumps of red cells upon the vaseular bed. 

Intravenous infusions were given at various intervals from 24 hours to 7 
days following the burns. In every case a definite change oceurred in the ob- 
served flow through the peripheral vaseular bed coincident with the intraven- 
ous infusion. 

The rate of flow was accelerated so that slow porridgelike flow or reversal 
of direction of flow no longer remained. There was often an apparent reduc- 
tion in the degree of peripheral vasoconstriction. Capillary stasis was over- 
come in many fields observed. 


HAEMOCONCENTRATION STUDY - Dog 97. 
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Fig. 4.—Illustrating the absence of intravascular agglutination in shock due to progressive 
hemoconcentration in a typical experiment. 


However, even with relatively large amounts of intravenous therapy, in 
no instance did the flow return to normal. Circulating clumps, previously 
camouflaged by the very slow flow, were now readily identified. The rate of 
flow was accelerated, but the circulation in the smaller vessels was still im- 
peded by the agglutinated clumps. Saline solution and plasma produced simi- 
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lar effects, but that of plasma was more prolonged. The infusion fluids may 
have possessed some deagglutinating properties. 

Plasma infusions sufficient to approximately restore blood volume pro- 
duced improved circulation for 4 to 5 hours. Why this improvement did not 
last longer has not been satisfactorily explained. 

The Microscope Vascular Bed During a State of Clinical Shock Without 
Trauma in Eleven Experiments.—By choice of techniques designed to produce 
shock without trauma, an attempt was made to illustrate what effect the main 
components of shock have on the peripheral circulation. 


HAEMIORRHAGIC SHOCK STUDY - Rabbit 44. 
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Fig. 5.—Illustrating the absence of intravascular agglutination in hemorrhagic shock in 4 
typical experiment, 


Hemoconcentration: To produce hemoconcentration by removal of plasma 
and injection of red cells would entail techniques which might conceivably pro- 
duce intravascular agglutination. Thus hemoconcentration with a coincident 
reduction of blood volume was studied using a large peritoneal infusion of glu- 


cose solution. 

Three dogs were subjected to a progressive fatal hemoconcentration with 
no trauma, by a method of intraperitoneal infusion with 5 per cent glucose 
in distilled water (see under Methods). Blood pressure fall and hematocrit 
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4 


Number 3 


changes occurred slowly, as shown in lig. 4. The average hematocrit rise in 
5 hours was 47 per cent above the initial reading. 

Intermittent observations of the conjunctiva showed a progressive slow- 
ing of the circulation as hemoconcentration developed, but no significant stasis 
occurred until the animal was moribund. Nor was there evidence of red cell 
agglutination, as judged by the absence of circulating clumps of red cells. The 
omentum was not consistently examined because it was felt that the peritoneal 
glueose infusion might upset the normal vascular state. 

IIemorrhage: The pure effect of blood volume change with blood pressure 
fall was studied by graded hemorrhagie shock. 

Four rabbits were subjected to a progressive hemorrhagie shock over a period 
of 2to4 hours. The state of shock developed as shown in Fig. 5. 

The animal remained under the microscope during the entire experiment and 
continuous microscopic observations were made on the vascular bed of the 
omentum. Progressive slowing of the circulation occurred, with marked 
arteriolar constriction. Ilowever there was no vascular stasis or evidence of 
circulating clumps. Capillaries showed most red cells moving smoothly in 
single file until death intervened. 

Histamine shock: This type of shock was produced on dogs in 4 experi- 
ments in order to study a state of low blood pressure without hemorrhage or 
hemoeoneentration. The conjunctiva showed marked slowing of the circula- 
tion, with minor degrees of arteriolar dilatation. The extremely slow flow of 
the cellular elements resulted in cessation of flow in some vessels only if the 


blood pressure fell very low. As the blood pressure returned to normal, rapid 
resumption of normal flow occurred in all vessels. At no time was there evi- 
dence of circulating clumps which might be expected to contribute to the slow- 
ing and cessation of flow. 


DISCUSSION 


1. Can generalized intravascular clumping occur in the absence of trau- 
matie shock? Yes. 

Rabbits and dogs were mildly traumatized by burns and light hammer 
blows without the production of traumatic shock. Intravascular agglutina- 
tion of erythrocytes was observed microscopically in all cases. The slow, un- 
even, vascular flow, which has been deseribed as ‘‘sludge’’ resulted. This 
appeared to be produced by the circulating agglutinated clumps. 

Human eases examined following injury by burns and frostbite have been 
reported by us.? Intravascular agglutination in the absence of shock was 
observed in the conjunctival vessels of these subjects. 

2. Is the picture of abnormal flow (sludge) in the vascular bed in trau- 
matie shock due entirely to the effects of intravascular agglutination? No. 

Our early postulation that the pathological flow would be more marked in 
the presence of traumatic shock has been substantiated by controlled experi- 
ments. Morcover, the pathological flow appeared earlier following the injury 
and was coincident with the development of traumatic shock, as illustrated in 
Table I. 
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TABLE I 


MICROSCOPIC OBSERVATIONS ON THE CONJUNCTIVAL VASCULAR BED FOLLOWING VARYING 
DEGREES OF TRAUMA TO ANIMALS’ LEGS 














TRAUMA | CONJUNCTIVAL VESSELS 
(HAMMER BLOWS AND BURNS) | EARLIEST SLUDGE | SLUDGE IN 12-24 HOURS 
No shock 12-24 hours Slight 
Mild shock 5-8 hours Moderate 
Severe shock 14-2 hours Marked 





Plasma infusions were given to the traumatized animals in mild shock to 
determine whether the more marked pathological flow was due only to possible 
increased clumping, or to the added factors of shock. With correction of the 
shocked state there was a noticeable reduction in the degree of pathological flow. 
The degree of vascular stasis was greatly reduced, and any residual stasis, 
which often was only slight, appeared to be due entirely to embolic obstruction 
of the capillaries by circulating clumps. 

These experiments illustrated that the presence of sludge or abnormal flow 
in microscopic vascular bed was dependent on many factors. Agglutinated 
clumps of red cells themselves might produce the picture of sludge. However, 
the latter was greatly increased with superimposed shock and its attendant 
low blood pressure, peripheral vasoconstriction, and hemoconcentration. Oth- 
ers have reported diminished sludge following plasma and saline solution 
transfusions.’ Odell and associates® reported diminished sludge in eclampsia, 
following intravenous albumin, but no improvement with plasma or saline 
solution. 

3. Can a state of elinical shock oceur in the absence of intravascular 
clumping? Yes. 

By our selection of techniques to produce shock without trauma an at- 
tempt was made to illustrate what part the individual components of the shock 
syndrome play in producing abnormal vascular flow. Clinical shock in the 
absence of trauma was produced by hemoconcentration, graded hemorrhage, 
and the injection of histamine. No red cell clumping was observed in any ot 
these shock states (see Figs. 4 and 5). Progressive slowing of the rate of flow 
oceurred, but no vaseular stasis appeared until the shock had become very 
severe. 

Should one designate the abnormal flow seen microscopically in these lat- 
ter experiments as sludge? No intravascular agglutination was observed in 
these experiments, and yet the flow resembled what has been described as 
sludge. Knisely, who coined the term ‘‘sludge,’’ inferred that the abnormal 
‘irculation in trauma was associated with, and to a great extent caused by, the 
intravascular agglutination of red cells. Thus we feel that the term “sludge” 
should only be used where such agglutination exists. 

To what degree the reduced rate of flow and eapillary stasis in traumatic 
shock is due to red cell clumps is difficult to say. Zweifach and Chambers and 
co-workers described ‘‘ pooling and trapping”’ in the capillaries, and felt that 
it is due to ‘‘an inactivation of the muscular vessels of the bed with a loss of 
their responsiveness and a disorganization of the peripheral circulation.’” 
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They indicated that in tourniquet shock experiments (trauma) the pooling and 
trapping occurs earlier than in the graded hemorrhage experiments (atrau- 
matic). Could this discrepancy be due to red cell clumping in the former, or 
is it just due to the increased viscosity of hemoconcentration, or both? 

Several authors’® *t have described such capillary stasis, stagnation, or 
pooling, in shock. Gibson and associates, in blood volume studies, reported 
evidence of ‘‘trapping of red cells’’ within the minute vessels of all organs 
of the body.'? Moon, using vital dye, demonstrated generalized fluid loss in 
experimental traumatic shock.** 

We have discussed the various factors contributing to generalized change 
in peripheral circulation in traumatic and burn shock. Erythrocyte agglutina- 
tion invariably occurs, and appears to be an important factor. Vasoconstric- 
tion, lowered hydrostatic pressure, reduced blood volume, and hemoconcen- 
tration, all enhance this phenomenon. Pathologically, tissues throughout the 
body in traumatie shock show minute vessels engorged with red cells, and tis- 
sue edema. Our studies lead us to conelude that much of the ‘‘engorgement’’ 
is in reality complete stasis, which occurs long before death. 

On the other hand, generalized vascular changes in hemorrhagic shock 
were not accompanied by intravascular agglutination of red cells. Slowing 
occurred, but stasis appeared only as a terminal event, and then only in some 
minute vessels (see Fig. 4). These observations are correlated pathologically 
by the absence of vascular engorgement and tissue edema in hemorrhagic 
shock. 

It has been a controversial issue’® as to whether or not generalized fluid loss 
occurs in tissues throughout the body in traumatic shock. The development 
of tissue edema in association with increasing red cell agglutination and stasis 
remote from the area of trauma has been observed in vivo.” This is further 
confirmed by evidence of tissue edema in pathological sections. This, as Knisely 
suggested, is probably due to embolic blockage of small vessels by circulating 
clumps of erythrocytes, producing capillary hypoxia and increased permea- 
bility. 

It is difficult at this time to assess the amount of generalized fluid loss in 
the tissues. More investigation will undoubtedly reveal its relative impor- 
tance in enhancing traumatic shock. At any rate, the vascular stasis seen in 
some peripheral areas is in effect a pooling and trapping of red cells in these 
minute vessels. This in turn must reduce the effective circulating blood vol- 
ume, and consequently contribute to the severity of the shock. 

Knisely observed that the degree of sludging was the same in all parts of 
the vascular tree. We do not concur, in that the degree of sludging in the 
conjunctiva and nictitating membrane was invariably more marked than that 


TABLE II. SLUDGE IN TWELVE TO TWENTY-FouR HouRS 








TRAUMA | CONJUNCTIVA | OMENTUM 

(HAMMER & | CLUMP- | VASOCON- | CLUMP- | VASOCON- 
___ BURN) ING SLOWING | STASIS | STRICTION ING SLOWING | STASIS | STRICTION 
No shock + + + 0 + 0 0 0 
Mild shock & res ++ + je 0 0 0 
Severe shock ++ +++ +++ ++ ++ ++ ++ 
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observed in the omentum and mesentery. The latter showed stasis and vaso 
constriction only if the animal were in deep shock following severe trauma, as 
illustrated in Table II. This supports the evidence that vasoconstriction af. 
fects cutaneous vessels much earlier than visceral vessels.2 The opening up 
of arteriovenous shunts, once the capillary bed had become blocked, was a con- 
sistent response. Mention has already been made? of such a mechanism 
explaining the high oxygen content of venous blood leaving a traumatized 
limb, as reported by Blalock. In traumatic anuria, the opening up of arterio- 
venous shunts in the kidney, described by Trueta, is thus not a mechanism 
peculiar to that organ. Although this study has not been carried out, we feel 
that the cortical anoxia in conditions related to second nephron nephrosis is 
probably caused by embolic blockage of cortical vessels by agglutinated clumps 
of red cells often aided by vasospasm and reduced blood pressure. 


SUMMARY 


1. Generalized intravascular agglutination of red cells with consequent 
slowing and stasis occurs following trauma, irrespective of the presence or ab- 


sence of shock. 

2. In the presence of traumatic shock, the microscopic vascular changes or 
sludging is much more marked. 

3. Red cell agglutination contributes to the vascular changes observed. The 
resulting stasis and edema lowers the effective circulating blood volume, and 
may be a cause of generalized fluid loss in traumatic shock. 

4. Certain forms of clinical shock, such as hemorrhage produced without 
trauma, are not accompanied by intravascular clumping and do not show the 
same pathological picture. 

5. The degree of change observed in the character of peripheral blood flow 
in vivo varies in different regions of the body. 

CONCLUSIONS 

1. The phenomenon of intravascular agglutination of red cells and vascular 
stasis (sludging of blood) plays an important role in the mechanism of traumatic 
shock. It offers an explanation for local and generalized fluid loss, as well as 
for the pathological picture observed in all tissues. 

2. In conducting studies of the living vascular bed, one must be careful to 
recognize that a slow, sludgelike flow can be obtained by hemoconcentration and 
low blood pressure in the absence of intravascular agglutination. 


Acknowledgment.—We wish to thank the Department of Art as Applied to Medicine 
for the preparation of illustrations. 
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EXPERIMENTAL CARDIAC SURGERY 


I. OBSERVATION ON THE ACTION OF A Pump DESIGNED To SHUNT THE VENOUS 
Bxioop Past THE Ricut Heart Directity Into THE PULMONARY ARTERY 


WituiaM H. SEWELL, JR., M.D.,* anp WiLu1AM W. L. GLENN, M.D.+ 
New Haven, Conn 


(From the Department of Surgery, Yale University School of Medicine) 
INTRODUCTION 


ECENT rapid strides in the field of vascular surgery are leading inevitably 

to the point where a direct surgical attack upon the open heart is pos- 

sible. Obviously, to carry out a surgical procedure on the open heart, some 
means must be provided for oxygenating and circulating the blood. 

The clinical use of any type of artificial heart must, of course, be preceded 
by an extensive trial with the apparatus in the experimental laboratory. Until 
part or all of the chambers of the heart can be rendered bloodless, there will be 
no satisfactory way of reproducing many of the valvular, or combination sep- 
tal and valvular, lesions seen in the human patient. When such lesions can be 
reproduced, physiologic observations can be made and techniques for the cor- 
rection of these lesions can be tested and improved. 

It is not yet known whether it will be technically possible to have the 
venous blood oxygenated by the patient’s own lungs or whether some means 
of extracorporal oxygenation of the blood will be necessary. The extra- 
corporal oxygenation of blood is a major project, although Gibbon,» * *° Bjork,‘ 
Crafoord,® Jongbloed,® * § Karlson and Dennis and associates,” ?° 14 and others 
have done much to simplify the numerous problems involved. The purpose of 
this study is twofold; first, to describe a perfusion pump capable of performing 
the mechanical function of one side of the heart, and, second, to discuss experi- 
ments in which this pump was used to shunt the entire vena caval return 
around the right heart directly into the pulmonary artery. 

Many perfusion pumps have been described in the past. The mechanical 
principle employed in most of these pumps involves the displacement of the 
perfusate from a ‘‘pumping chamber’’ by compression with a solid, a liquid, 
or a gas. The cycle is completed by the removal of the compression and the 
refilling of the pumping chamber by suction or gravity. 

Jacobj,’? in 1895, used a rubber bulb for the pumping chamber and pro- 
pelled the perfusate by compressing the bulb between two boards. Embly,” 
in 1905, used a somewhat similar arrangement. Brodie, in 1903, Hooker,’ 
1910, and Richards and Drinker,” in 1915, used a piston that moved back and 
forth in a cylinder. Dixon,!* in 1922, used a piston constructed from a hypo- 
dermie syringe. De Bakey,' in 1934, used metal rollers, operated either man- 
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ually or mechanically, that massaged rubber tubing containing the perfusate 
and propelled the perfusate forward. A similar pump had been described by 
Van Allen,’® in 1932. This type of pump has been used by Gibbon.” * A sys- 
tem of water under pressure which compressed, in a rigid chamber, an enclosed 
flexible tube containing the perfusate was used by Dale and Schuster,” in 1928, 
Gibbs,” ?* in 1930 and 1933, and Tainter,?* in 1932. Gas under pressure, com- 
pressing and displacing in the same way as the water, was used by Jacobj,”* 
in 1890, by Lindbergh,”® in 1935, by Gibbon,’ in 1937, and by Bjork,* in 1948. 
Bareroft,* in 1933 propelled the perfusate with an electrically driven rotary 
pump. 

Some of the aforementioned pumps have been used to take over the function 
of one or both sides of the heart. The problem of oxygenating the blood in these 
experiments has been solved in two ways; either the blood was made to pass 
through the lungs, the animal’s own?!-2* 2% 29 or those of another animal,’” ** or 
through a mechanical oxygenator.'-* 1& 28 29 

Several types of valves have been used in these pumps. Gibbs”? used a 
circular section of rubber from an inner tube as a flap over the end of the blood- 
carrying tube. A tag of rubber attached to the circular section was fastened 
to the side of the tube. He used ‘‘chorda tendineae’’ obtained from a golf ball 
to hold the flaps in place. Other types of valves have been a solid rubber ball,”* 
a rubber stopper with one end partially cut off and a hole bored through the 
remainder of the stopper,’ a wide rubber band fastened at each end over the 
obliquely-eut end of the blood-carrying tube,* * and still other types. 

The flow through the pumps previously described has been determined in 
a variety of ways. One of the earliest methods was described by Embly,’* who 
caused some of the flow to drip on a goosefeather attached to a kymograph. 
In many of the pumps just referred to, the total outflow was interrupted for a 
given time and the collected volume was measured. Another method was the 
redirection of the total outflow into one container of known size, at the same 
time displacing an equal volume of blood or fluid into the circulation from 
another similar container.*! Other investigators?» *? > have used pumps with 
a constant stroke volume. 


METHODS 
Construction of the Pump 


The pump consists of a reinforced segment of Penrose tubing enclosed in 
a glass cylinder. At either end of the cylinder the Penrose tubing is stretched 
hack over the outside of the glass. Two No.5 rubber stoppers with holes bored 
through their centers are inserted into either end of the cylinder inside the 
Penrose tubing, firmly compressing the tubing against the inner wall of the 
glass. Glass tubes forming the inflow and outflow tracts to the inside of the 
Penrose tubing, the pumping chamber, pass through the holes in the rubber 
stoppers. Flap-type rubber valves attached to the inflow and outflow tubes 
control the direction of flow. Compressed air and suction are delivered alter- 
nately through a side arm to the inside of the cylinder (Fig. 1). 
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The Glass Cylinder.—The glass cylinder is constructed from a piece of glass 

tubing 15 em. in length. This tubing has an external diameter of 2.8 em. and « 

wall thickness of 0.1 em. A glass side arm approximately 4 em. in length and 
0.5 em. in diameter is attached at right angles to the cylinder. 


FOR AIR TO PRESSURE TO VACUUM FOR AIR 
REMOVAL \ ; REMOVAL 











TO PULMONARY FROM VENOUS 
ARTERY CANNULA CANNULA 





Fig. 1.—Illustration of the pump. 
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Fig. 2.—Penrose tubing. I is the inflow end of tubing. Observe that the reinforcement of this 
end of the tubing is less than at the outflow, O, end of the tubing. 

The Penrose Tubing.—Penrose tubing was selected for use principally be- 
cause of its great flexibility. Experience has shown, however, that the thin 
wall of a single thickness of Penrose tubing may split where it is compressed 
by the stoppers. Therefore, two additional lengths of Penrose tubing are 
slipped over the first. It is also necessary to reinforce the inner segment of 
tubing to prevent its bulging into the inflow and outflow tubes during the posi- 
tive pressure phase of the pump. Thicker walled rubber tubing of the desired 
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dimensions and flexibility would probably not require reinforcement. Such 
tubing has been developed and is being tested at the present time.* 


As used in the experiments described in this paper, a segment of Penrose 
tubing 20 em. in length and 2.2 em. in diameter is reinforced with strips of 
adhesive tape as shown in Fig. 2. It will be observed that the adhesive tape is 
applied only to the 12 em. mid-portion of the rubber tubing. Heavier rein- 
foreement is made at one end of this mid-portion than at the other. The more 
heavily reinforced end is to be placed at the outflow end of the glass cylinder, 
which for convenience of description will be referred to as the outflow end of 
the Penrose tubing. A double thickness of adhesive tape 5 em. wide is care- 
fully applied around the Penrose tubing at this point. A single thickness 3.5 
em. wide is applied at the opposite or inflow end of the mid-portion of the Pen- 
rose tubing. The lighter reinforcement at the inflow end is to encourage this 
end of the Penrose tubing to collapse first and push the fluid toward the more 
heavily reinforced outflow end. Further reinforcement of the Penrose tubing 
is supplied by two single-thickness 1 em. strips of adhesive tape placed opposite 
one another between the two encircling bands of tape. When reinforcement of 
this single-thickness Penrose tubing is complete the two additional segments 
of Penrose tubing, of equal diameter and length but not reinforced with ad- 
hesive tape, are slipped over the first. 

The Inflow and Outflow Tubes——The inflow and outflow tubes to the pump- 
ing chamber are constructed from two glass tubes 10 and 12 em. in length, re- 
spectively. Both have an external diameter of 1 em. and a wall thickness of 0.1 
em. Each tube is bent at its mid-portion to an approximate right angle near 
which point a glass side arm is attached. Short rubber connections which are 
clamped off are attached to the side arms, and lengths of polyethylene tubing of 
(0.038 inch external diameter are inserted into the side arms through puncture 
holes in the rubber connection for the purpose of removing bubbles of air during 
the initial filling of the pump with fluid. 

The inflow and outflow tubes are each inserted through a hole made in the 
center of a No. 5 rubber stopper. The rubber stoppers are then inserted firmly 
into either end of the glass cylinder. The prepared Penrose tubing is not placed 
in the glass cylinder at this time. When the rubber stoppers are firmly inserted 
into the glass cylinder with the inflow and outflow tubes in place, part of the 
sinaller end of the rubber stopper does not make contact with the inner wall of 
the glass cylinder. The stoppers are then removed and the part of the rubber 
stopper that did not make contact with the glass is eut off. The inflow tube is 
adjusted in the rubber stopper so that it will extend 1 em. beyond the cut end of 
the stopper into the pumping chamber proper. The inflow valve will be attached 
to this end of the inflow tube. The end of the outflow tube that is inside the 
eylinder is then made flush with the end of the cut rubber stopper through which 
it passes. 

The Valves.—The valves are cut from the two opposing rubber flaps of a 
toy noisemaker manufactured under the name of ‘‘Razzer’’ or ‘‘Raspberry.’’ 


RI *This tubing has been generously supplied us by the Davol Rubber Company, Providence, 
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A cireular section of rubber just large enough to overlap the edges of the end 
of the inflow and outflow tubes is cut from one of the flaps of rubber, and a 
tongue of rubber is cut from the attached opposed flap of rubber. Two such 
valves are cut, one for the inflow tube and one for the outflow tube. The valves 
are attached to the two tubes as shown in Figs. 3 and 4. It will be observed in 
Fig. 3 that the valve on the inflow tube is protected by a smaller inner glass 
cylinder which is 2 em. in length and 1.9 em. in external diameter. This eylin- 
der is fitted to a narrow collar of rubber on the inflow tube. 
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Fig. 3.—Outflow tube and valve. The small polyethylene tube can be seen entering through 
the side arm. The end of it is placed just above the valve to remove bubbles that may collect 
here during the initial filling of the pump. 

Fig. 4.—Inflow tube and valve. Observe that the action of the valve is protected by a 
small glass cylinder as it lies inside the pumping chamber. 


The outflow valve is attached to the end of the outflow tube outside the 
pumping chamber (Fig. 3). The outflow tube is attached to a larger, funnel- 
shaped glass tube, 3 em. in length and 1.8 em. at its largest diameter, by means 
of a rubber stopper through which passes the end of the outflow tube. The 
end of the outflow tube projects beyond this rubber stopper into the larger 
glass tube below. The valve on the outflow tube is attached as shown in Fig. 4. 
A glass side arm is attached to the larger glass tube and a polyethylene tube, 
for the removal of air, is threaded into this segment through a rubber con- 
nection. 

The Cannulae——Special cannulae have been made for the purpose of remov- 
ing the venous blood from the cavae and conducting it into the pulmonary 
artery. The venous cannula consists of a single length of polyethylene tubing 
long enough to reach from the right side of the neck of the animal to a place 
just above the diaphragm. Tubing with an internal diameter of 0.208 inch 
and an external diameter of 0.260 inch has been found satisfactory for the veins 
of dogs weighing 15 to 25 kg. For smaller dogs weighing 8 to 15 kg., tubing 
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with an internal diameter of 0.157 inch and an external diameter of 0.235 inch 
is used. The cannula is inserted through an opening made in the right external 
jugular vein and is directed downward through the superior vena cava and 
the right auricle into the thoracic portion of the inferior vena cava. Prior 
to the insertion of the cannula, a gentle bend is made in that segment of the 
eannula which will lie in the superior vena cava. Four or five holes, each ap- 
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Fig. 5. 

Fig. 5.—The polyethylene venous cannula. During operation of the pump double loops of 
heavy silk thread on the superior and inferior vena cava are drawn tight around the veins, 
compressing their inner walls against the outside of the polyethylene tubing, preventing the 
caval blood from reaching the right heart. 

Fig. 6.—The pulmonary artery cannula. A and B respectively are connected to the outflow 
tube and the flow meter. See Fig. 7. 


proximately 3 to 5 mm. in diameter, are made in the concavity of the wall at 
the bend. Several additional holes of the same size are made in the side wall 
near the end of the cannula which will lie in the inferior vena cava. There 
are no holes in that portion of the cannula which passes through the right 
auricle. Moderately heavy silk thread is passed twice around the cavae and 
the enclosed cannula just above and below the right auricle. While the pump 
is in operation these ties are pulled taut so as to prevent caval blood from 
reaching the right heart. The entire venous return from both cavae flows 
through this cannula (Fig. 5). 

The cannula for the pulmonary artery is made of glass (Fig.6). We have 
used Pyrex glass with an external diameter of 0.7 em. and a wall thickness of 
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0.05 em. A side arm is attached near the mouth of the cannula for the purpose 
of measuring flow and pulmonary artery pressure. The flow meter will be 
described in detail later. 

All glass and rubber parts which come in contact with the blood are coated 
with silicone (General Electric Dri-Film No. 9987). 

Compressed Air and Vacuum Lines.—Any convenient method may be used 
to deliver alternately compressed air and suction to the inside of the glass eylin- 


der. Compressed air and vacuum pressures, as are furnished in the laboratory, 
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Fig. 7.—The flow meter. A, Outflow tube. B, ou.flow valve. C, glass connecting tube, in- 
ternal diameter 0.7 cm. D, pulmonary artery cannula, internal diameter 0.6 cm. FH, vertical 
tubing of flow meter, internal diameter 0.8 cm., height 35 cm. F, dampening tubing, internal 
diameter 0.25 cm., length of each 200 cm. G, reservoir; Na, saline solution; Br, brombenzene 
solution colored with sudan IV. H, manometer, internal diameter 0.4 cm., height 95 cm. 

must be regulated to suit the needs of the experiment. This has been accom- 
plished by interposing in the compressed air line a 5 L. reservoir with an escape 
valve and a mereury manometer attached. The vacuum is controlled by inter- 
posing a series of underwater suction bottles. A mereury manometer is incor- 
porated in this system as well. The mechanism for alternately interrupting first 
one line and then the other consists of two eccentric cams on a single axle, rotated 
by a small motor. An ‘‘ Erector Set’’ motor works quite well. Each cam lifts a 
weighted arm which, when allowed to fall, compresses and occludes a latex tube 
which carries either positive or negative air pressure to the pumping chamber. 
The relative duration of each phase of the eyele can be regulated by increasing 
or desereasing the area of contact of the cam with the weighted arm. 

The Flow Meter.—A flow meter which continuously records but does not 
interrupt the flow is an asset to any pump designed to perfuse the whole cir- 
culation. We have incorporated such a flow meter in the pump described (Fig. 
7). The mechanies of this flow meter depend upon the fact that as fluid passes 
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through a rigid tube there is a fall in pressure between two points along the 
tube related to the rate of flow. Further, this fall in pressure can be accentu- 
ated by a decrease in the diameter of the tube between the point at which the 
first and second pressures are taken.** 

A side arm is placed below the outflow valve in the glass connecting tube, 
and a second side arm placed at the lower end of the pulmonary artery cannula 
(Fig. 5). The first, or upper, side arm is connected by means of glass tubing, 
filled with saline solution, to a reservoir of brombenzene at the bottom of a 
glass manometer. The brombenzene is colored with sudan 1V. The second, or 
lower, side arm is attached by means of a similar glass tubing also filled with 
saline solution, to the top of the brombenzene column. When there is fluid 
passing through the pump the pressure in the upper side arm from the pump 
will be greater than that in the lower side arm. This greater pressure in the 
upper side arm is transmitted to the reservoir of brombenzene. The height to 
which the column of brombenzene (specific gravity 1.4) rises is dependent 
upon the difference in the pressure in the upper side arm and in the lower side 
arm. The greater the flow the greater the difference in pressure in the two 
side arms and the higher the column of brombenzene. After calibration the 
height of the brombenzene column may be read directly in terms of cubie centi- 
meters of flow per minute. 

If the pulsations from the pump are not dampened, the column of brom- 
benzene will fluctuate widely with each systolic thrust, making reading of the 
flow difficult. Therefore, approximately 200 em. of glass tubing with an in- 
ternal diameter of 2.5 mm. is interposed between the upper side arm and the 
bottom of the brombenzene column, and a similar resistance is interposed be- 
tween the top of the brombenzene column and the lower side arm. The fluctua- 
tions of the brombenzene column, under these circumstances, are reduced to a 
minimum, making possible readings of the flow at all times. Naturally, the 
greater the dampening the longer will be the time that the column of brom- 
benzene takes to reach its absolute height. With the present arrangement, if 
the pump is set to deliver 1,400 ¢.c. per minute, the brombenzene column will 
have attained 70 per cent of its final height after 30 seconds, 98.5 per cent after 
45 seconds, and 100 per cent after 50 seconds. There is less lag in the recording 
of smaller or more gradual changes. Recently there has been devised a modi- 
fication of the flow meter described by Moe** which will permit an accurate and 
continuous recording of the flow on a kymograph.** With this apparatus there 
is only a slight lag in the recording of rapid changes of flow through the pump. 


Method of Assembly 


The inflow and outflow units consisting of the glass tubes, rubber stoppers, 
and valves are first assembled as previously described. The triple thickness 
of Penrose tubing is placed in the glass cylinder with the excess, untaped tub- 
ing projecting from either end. The excess tubing is then stretched over the 
outside of the glass cylinder. Certain points in the assembling of the pumping 
chamber are worth detailing. 

The outside of each end of the cylinder is wetted with water. All other 
parts, except the Penrose tubing which comes in contact with the outside of 
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the cylinder, remain dry; if wet, the rubber stoppers may slip and become dis- 
lodged during operation of the pump. 

At the inflow end the excess, untaped triple-thickness Penrose tubing is 
stretched back over the outside of the cylinder. It is important for the assem- 
bling of the pumping chamber, and to permit maximum collapse of the tubing 
during systole, that about 4 to 5 mm. of untaped Penrose tubing are left inside 
the cylinder. As previously mentioned, it is to encourage collapse of the inflow 
end first that the untaped tubing is left at this end. 

The inflow unit is inserted into the cylinder inside the Penrose tubing. As 
the stopper is inserted the Penrose tubing will be pushed ahead inside the ecylin- 
der, and therefore when the inflow unit is firmly in place there should be 4 to 5 
mm. of untaped Penrose tubing inside the cylinder just in front of the rubber 
stopper. The Penrose tubing is then stretched over the opposite or outflow 
end of the glass cylinder. At this end enough tension is placed on the Penrose 
tubing to make the end of the encircling tape exactly flush with the end of 
the glass cylinder. The outflow unit is then inserted and, as did the inflow 
unit, pushes the Penrose tubing ahead of it. At the outflow end, when the 
rubber stopper is firmly in place, the tape surrounding the Penrose is exactly 
flush with the end of the rubber stopper. If the units have been properly as- 
sembled the enclosed Penrose tubing should be evenly taut but under no 
tension. 

In a few experiments, with survival of the dog as the object, aseptic tech- 
nique was used. The pump was sterilized in the following manner: The glass 
cylinder, the Penrose tubing and the inflow and outflow units were assembled 
prior to sterilization. The side arm attached to the glass cylinder was closed 
off by a clamp on the attached piece of rubber tubing. The pump was then 
immersed for eighteen hours in 1:1000 aqueous Zephiran solution after the 
solution was flushed through the pump to fill it. If the individual parts of the 
pump are sterilized separately in the Zephiran solution prior to assembly, the 
glass and rubber become so slippery that assembly is difficult. Inasmuch as 
the blood never comes in contact with the outside of the Penrose tubing in the 
glass cylinder it is not necessary that it be sterile. Both the venous and arterial 
eannulae with their rubber connecting tubes to the inflow and outflow tubes 
attached, are likewise sterilized in Zephiran. Zephiran is used for these parts 
because it is not desirable to subject the reinforced Penrose tubing or the poly- 
ethylene tubing to heat sterilization. 

The only remaining glass tubing that is sterilized is that leading to the 
manometer of the flow meter, including the vertical tubing (Fig. 7, £) from the 
outflow tube and the arterial cannula leading to the small bore tubing (Fig. 
7, F) used for dampening the pulse wave. The smal] bore dampening tubing 
and the manometer are not sterilized. The vertical tubing, like the rest of the 
pump, is first filled with sterile saline solution before it is connected to the 
small bore tubing (Fig. 7, 7). The saline solution in the dampening tubing and 
the flow meter manometer is ordinarily not changed from experiment to experi- 
ment as there is almost no chance that it will ever come in contact with the blood 
flowing through the outflow tube. 
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Operation of the Pump 


With the Penrose tubing collapsed, 38 ¢.c. of fluid is required to fill the 
pump exelusive of the cannulae. The Penrose tubing when distended maxi- 
mally inside the glass chamber will hold an additional 32 ¢.c. This latter figure 
is therefore the maximum stroke volume. The maximum flow through the 
pumping chamber has been found to be 4,700 ¢.c. of water per minute. With 
cannulae suitable for the vessels of a 15 to 25 kg. dog, a flow of 2,500 ¢.c. can be 
obtained. This is well above the vena caval flow of the animals used in these 


experiments. 


PRESSURE AND FLOW TRACINGS 














BEFORE IMMEDIATELY AFTER - AFTER PUMP IN 
PUMP STARTED ; PUMP STARTED OPERATION ONE HOUR 


Fig. 8.—Experiment 14. Hamilton manometer recording of blood pressures. IJ.V.C., in- 
ferior vena cava; L.A., left auricle; P.A., pulmonary artery; F.A., Femoral artery. 

The flow was recorded by a modified Moe flow meter, After shunting the caval return 
through the pump for one hour, no significant changes in either pressure or flow were observed 
in this experiment. 

The rate of the pump may be set by regulating the rate at which the cams 
lift the weighted levers. In vitro studies have shown that a rate of less than 
approximately 150 eyecles per minute does not interfere with the maximum 
fillmg and emptying of the pump. We have selected a rate of 108 cycles per 
minute for routine use as it allows an output well in excess of the venous return 
through the cavae. The cams may be adjusted so that any ratio of filling to 
emptying of the pumping chamber can be obtained. We prefer a ratio of 
40 for the emptying time, systole, to 60 for the filling time, diastole, as this 
gives a pulse tracing very similar to that of the normal right ventricle (Fig. 8) 
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and allows evacuation of the veins by a suction low enough to cause minimal 
intimal damage. 

Once a ratio of systole to diastole has been set it cannot be changed with- 
out stopping the pump; but the pressure and vacuum may be adjusted accord- 
ing to the needs of the experiment. The pressure should be set at a small 
margin (approximately 20 mm. of mereury) above the minimum required for 
the pump to empty completely on every systole. Too high a pressure causes a 
very high and abrupt pulse wave and too low a pressure will allow the pump to 
fill with blood, a state of ‘‘congestive failure.’? We have found the optima! 
level of pressure to vary somewhat from one experiment to another, depend- 
ing upon the flow required, but it usually falls between 120 and 160 mm. of 
mereury. This does not mean that the systolic pressure in the artery rises 
that high. A great deal of pressure is used to overcome the inertia of the blood 
in the pumping chamber and outflow tubing, and to overcome the resistance to 
the movement of the blood through the tubing and the arterial cannula. 

With an unlimited reservoir of blood to draw from and with adequate 
suction, the intake of fluid could be increased to the maximum theoretical 
stroke volume. But with a limited reservoir, such as the vena ecavae of the 
dog, injury to the vein wall will follow suction that is much stronger than that 
required to evacuate the vein of the venous return. Although the vein may col- 
lapse around the cannula during the suction phase, it is released with the start 
of the pressure phase. The suction is regulated when the pump is first started 
by slowly increasing the amount of vacuum until the flow meter registers maxi- 
mum flow. It is then further increased an additional 10 mm. of mereury. This 
extra suction will then automatically take care of a sudden increase in venous 
return. 

RESULTS 

The following experiments were carried out to determine the efficiency of 
the pump in performing the function of the right heart; further, to investigate 
changes in the cellular components and hydrogen ion concentration of the 
blood after the cireulation of the blood through the pump for prolonged 
periods. 

A. Nonsurvival Experiments—Physiologic Studies—I. a. Comparison of 
blood pressures in the vena cava, the left auricle, the pulmonary artery, and the 
femoral artery before, during, and after shunting of the venous blood through 
the pump. 

b. Comparison of blood pressures in the pulmonary and femoral arteries 
before and during shunting of the venous blood through the pump following: 
1. A momentary interruption of the venous return 
2. A sudden increase in pulmonary vascular resistance as a result of 
increased intra-alveolar pressure 
3. A sudden increase in systemic arterial resistance following the 
administration of Adrenalin 


II. Comparison of arterial and venous oxygen saturation before and 
after prolonged shunting of the venous return through the pump. 
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III. Comparison of plasma hemoglobin, hydrogen ion concentration, 
hematoerit, white blood cell and platelet counts before and after the shunting 
of the venous blood through the pump. 


B. Survival Experiments——The aforementioned experiments completed, 
three additional experiments were carried out under sterile conditions, with the 
survival of the dogs as their object. 


A. Nonsurvival Experiments.—lI. a. and b. Change in venous and arterial 
blood pressure following shunting of the vena caval blood through the pump. 

Method: A small caliber polyethylene tube was passed through the femoral 
vein and into the lower abdominal portion of the inferior vena cava. Pressures 
were then recorded by attaching this tubing to a sensitive membrane on the 
Hamilton manometer or by taking direct readings from an attached saline manom- 
eter. Pulmonary artery pressure was recorded through a length of poly- 
ethylene tubing inserted into the pulmonary artery through the pulmonary artery 
cannula. Left auricular and systemic arterial pressures were recorded through 
one of the pulmonary veins and the femoral artery exposed in the groin, respec- 
tively. 

Many times during the course of a number of experiments the venous return 
was made to pass through the pump and then back through the right heart. This 
shunting of the blood through the pump was done by tightening the double loops 
of silk around the cavae and enclosed venous cannula. 

When the positive and negative air pressures delivered to the glass chamber 
were properly adjusted, there were no significant differences between the arterial 
and venous pressures taken at the time the venous blood was passing through the 
heart and at the time it was passing through the pump, described hereafter as 
the heart period and pump period, respectively. If the venous return were 
shunted through the pump for more than an hour a gradual fall in all pressures 
was usually seen (Table I). It is probable that in some experiments this fall in 
pressure was due to a gradual deterioration of the animal. Blood transfusions 
were used in many of the experiments. When adequate blood was given, the fall 
in pressure was usually less marked during the pump period. It is believed that 
Experiment 14 (Fig. 8), for example, shows no significant difference between the 
blood pressures taken during the heart period and those taken after the venous 
blood had circulated through the pump for one hour, principally because of the 
400 ¢.c. of blood that were transfused. No decrease in flow through the pump was 
evident in this experiment. A fall in flow in other experiments preceded a de- 
cline of the systemic arterial pressure. 

Following a sudden increase in the venous return the changes in venous and 
arterial pressure during the heart period and during the pump period were al- 
most identical. The increase in venous return was due to the release of the blood 
in the eavae oeeluded for 30 to 60 seconds. Following a moderate increase in 
intra-alveolar pressure and consequent increase in pulmonary vascular resistance, 
the rise in systemic venous pressure and fall in systemic arterial pressure were 
again almost identical in the heart period and in the pump period. However, 
when the pressure in the alveoli was further increased the pump was more efficient 
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(MIN- R.B.C. ) IN THOUSANDS) IN THOUSANDS) IN_ THOUSANDS) 


UTES) BO | BP | WP BO | BP | WP BO | BP | WP 
4 36 46 54 14.30 21.85 306 253 
5 39 48 46 16.20 16.15 251 198 
10 57 48 44 23 10.60 3.25 5.20 
11 98 47 54 43 15.90 17.00 15.95 
12 94 14.50 4.30 5.50 
14 101 384 43 42 12.55 5.40 5.80 
16 73 388 35 33 9.40 5.40 
17 98 45 45 41* 8.90t 3.90* t 
SS-1 61 45 42 
SS-2 82 37 41 
*Air embolus occurred just prior to the taking of final pressures and samples of blood. 
tDuplicate counts were not made. 
BO, before operation; BP, before pump started; WP, with pump in operation for time 
noted in Column 2. 
SS-1 and SS-2, survival experiments. 
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in foreing blood through the distended lung than was the right heart. There was 
also little difference between the pressures taken during the heart period and 
during the pump period after an increase in vascular resistance following the 
intravenous administration of Adrenalin. 


II. Oxygen studies: 

Arterial oxygen content and arterial and venous oxygen saturation studies 
were done after prolonged use of the pump. 

Method: Specimens of blood were taken under oil before and after shunting 
of the venous return through the pump. The arterial samples were obtained 
through the polyethylene tube which had been inserted into the left auricle. 
Venous samples were obtained in a similar manner from the inferior vena cava. 
Throughout the experiments 100 per cent oxygen was administered to the animals 
through an endotracheal tube. The oxygen content of arterial and venous blood 
and the oxygen capacity of the arterial blood were determined by the Scholander 
method.** 

The results of these studies are recorded in Table I. It was found that the 
arterial blood was nearly always fully saturated regardless of whether the venous 
blood was delivered to the lungs by the pump or by the right heart. The venous 
oxygen saturation usually decreased during the time the blood was passing 
through the pump. An increase in the arteriovenous difference could be correlated 
with a fall in flow and systemic arterial and venous pressures. The decrease in 
venous oxygen saturation probably reflected a slowing of the peripheral systemic 
flow with pooling of the venous blood in the peripheral venules and capillaries. 
Aside from the trauma resulting from the insertion of the arterial and venous 
cannula, there is no reason to believe at the present time that a pump which 
efficiently performs the mechanical function of the right heart is in itself a cause 
for shock. It is likely that similar changes in the arteriovenous difference would 
have followed a similar operative procedure in which the blood passed only 


through the right heart. 
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BLOOD OXYGEN STUDIES 
ARTERIAL 
ARTERIAL- 
MEAN FEMORAL TRANS- VENOUS VENOUS 
HEMOLYSIS ARTERY PRESSURE rusion | SATURATION| CONTENT CONTENT | DIFFERENCE 
(MG. %) (MM. HG) (0.0. (%) (VoL. %) | (VOL. %) | (VOL. %) 
30 | BP | WP | gO | BP | WP BLOOD) BP | WP | BP | WP | BP | WP | BP | WP 
175 145 = 105 0 24.0 23.3 | 16.4 7.6 
140 132 80 0 be 
150 90 80 375 100+ 100+ | 20.3 14.6 11.3 4.1 9.0 10.5 
120 56 70 360 100+ 100+ | 24.5 18.1 | 10.9 4.2 }13.6 13.8 
0 38.0 88.0 135 90 100 220 88 93.7 |19.6 17.0 7.3 4.5 |12.3 12.5 
43 63.0 304.0 120 110 110 400 100+ 100+ | 18.7 19.2 | 11.6 9.8 Y | 9.4 
1.2 40.0 110.0 144 92 70 500 100+ 100+ | 20.3 16.5 8.8 3.5 {11.5 13.0 
7.8 408.0* | 156 124 60* 200 100+ 65.8*| 24.8  11.8*} 12.3 4.4*| 12.5 8.3* 
1.0 60.0 375 13.8 10.6 
15.3 99.0 475 14.0 10.9 

















III. Changes in the cellular components and pH of the blood: 

Method: Hematocrit, plasma hemoglobin, pH determinations, and white 
blood cells and platelet counts were made on peripheral venous blood once 
or twice before the pump was started and then again at the end of the run on 
the pump. Plasma hemoglobin, a measure of hemolysis, was determined by the 
Bing and Baker** benzidine method as modified by Bauer and Wood.*’ Platelet 
counts were determined by the Nygaard-Adams method.*** Hydrogen ion con- 
centration of the plasma was determined anaerobically in the Beckman pH meter. 


Results: The results of these studies in several experiments are recorded 
in Table I. In the experiments recorded the majority of studies were carried out. 
They include the experiments with the greatest and the smallest changes observed 
following shunting of blood through the pump. In the second column of this 
table the length of time, in minutes, that the animal’s venous return was passing 
through the pump is recorded. Usually, the pump was continued in operation 
for a short time after the studies on the pump were completed. In all of the 
experiments the blood oxygen and pressure studies were done at the time recorded 
in the second column, with the pump still in operation. In most of the experi- 
ments, the other studies listed in this table as having been done during operation 
of the pump were done at this time also. Occasionally, however, the last white 
blood cell counts, hematocrit, and pH determinations were made after the pump 
had been stopped and the blood was again passing through the right heart. 

Hemolysis of red cells occurring during the experiment was seldom marked 
and did not at any time exceed 2 per cent of the estimated total circulating red 
cell mass. It is evident from the control determination done before operation and 
the determination done after operation and heparinization, but before the pump 
was started, that some of the hemolysis of red cells was due to factors other than 
the passage of the blood through the pump. 





*We are indebted to Dr. James EF. Smith for the platelet count determinations, 
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In the experiments where white blood counts were done before and afte: 
the pump period, a change in the number of cireulating white blood cells was 
never marked. There was frequently observed, however, a fall in the number 
of circulating white cells between the time the operative procedure was begun 
and the pump was started. Experiments 4 and 5 were exceptions to this. It is 
of interest that no transfusions were given in either of these two experiments. 
Following the prolonged shunting of the venous blood return through the 
pump, a moderate fall in the number of circulating platelets was found in the 
three experiments in which this study was made. The fall was similar in each 
experiment. In all experiments the hydrogen ion concentration revealed a prog- 
ressive change from alkalinity to acidity. The type of artificial respiration used 
may have been partly responsible for this change, which began before the pump 
was started. The positive pressure apparatus used did not permit maximum 
ventilation. Inadequate ventilation has been shown to be a cause of acidosis.” 
Sodium bicarbonate was given intravenously in some of the experiments in an 
attempt to lessen the degree of acidosis. 


B. Survival Experiments——The foregoing experiments indicate that the 
venous and arterial pressures, the oxygenation, and the composition of the 
cellular elements of the blood were not, as a rule, significantly altered follow- 
ing shunting of the venous return through the pump. In the remaining experi- 
ments aseptic precautions were taken and, after shunting of the venous return 
through the pump for an hour or more, the cannulae were removed and the 


incision in the pulmonary artery was repaired in order to allow the animal to 
survive. 

Surgical technique: The protocol of the first experiment in which survival 
of the animal was the object is summarized below, with emphasis on the surgical 
technique. In this animal, as well as others included in this group, no attempt 
was made to open the heart. The technique used in this experiment is essentially 
the same as was used in all of the experiments in which survival was planned. 

On June 24, 1949, a 10.3 kg. voung female mongrel dog was anesthetized 
with 5 per cent sodium pentobarbital, 35 mg. per kilogram, administered intra- 
venously. The right side of the neck and chest was then clipped and shaved and 
the skin prepared with soap and water, ether, and kalmerid solution. An endo- 
tracheal tube of the Hoffman type, with an inflatable cuff, was then passed and 
held in position by securing to the animal’s jaws. 

The pump and accessories, assembled and sterilized as previously outlined, 
were removed from the Zephiran solution in which they had soaked for the pre- 
vious eighteen hours, and all parts were carefully flushed and then filled with 
sterile saline solution. The pump was then placed in the sterile clamp attached 
to a ring stand on an adjoining movable table, and the connection between the 
pump and the pressure lines was then made by an unserubbed attendant. The 
pump was now ready for attachment to the dog by the artefial and venous can- 
nulae. 

With the dog lying on the left side, an incision was made along the course 
of the right fourth rib and the pleura entered through the fourth interspace. 
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Prior to the opening of the pleura the endotracheal tube was attached to the arti- 
ficial respiration apparatus through which 100 per cent oxygen was delivered. 
Positive endotracheal pressure was maintained throughout the operation. 

The right pulmonary artery was dissected free of the surrounding tissue, the 
dissection being carried well into the mediastinum. Double loops of heavy 
braided silk were then passed, but not tightened, around the primary branches 
of the right pulmonary artery for the purpose of preventing backflow of blood 
when the arterial cannula was in position, 

An incision was then made in the neck just above the right first rib, and a 2 
inch sement of the lower portion of the right external jugular vein was isolated. 
A ligature was placed around the upper end of the exposed portion of this vein 
and tied. A second ligature was placed, but not tied, around the exposed vein 
just above the first rib. The dog was then heparinized by the intravenous admin- 
istration of 5 mg. of heparin per kilogram body weight. A Blalock clamp was 
then placed and closed on the right pulmonary artery, as close to the main pul- 
monary artery as possible. The two primary branches of the right pulmonary 
artery were occluded by the double loops of silk thread which had been placed 
around each of them. The threads were then held taut by the weight of hemo- 
stats clamped to their free ends. A transverse incision was made in the main 
right pulmonary artery approximately 114 em. distal to the Blalock clamp. The 
pulmonary artery cannula, its mouth directed toward the left lung, was inserted 
into the artery and tied in place with the previously described handbraided silk 
ligature. The arterial cannula and the side arm to the flow meter (Fig. 7) were 
filled with saline solution. A transverse incision was then made in the vein 
just above the second ligature and the anterior wall of the opened vein grasped 
with a small hemostat. The previously prepared plastic venous cannula, with 
a short segment of rubber tubing attached to its upper end, was slipped into 
the external jugular vein and directed towards the heart. The hand of an as- 
sistant guided the tip of the cannula through the right auricle into the thoracic 
portion of the inferior vena cava. Bleeding from the upper end of the cannula 
was controlled by placing a clamp on the segment of rubber tubing at the upper 
end. Once the venous cannula was in place the ligature around the external 
jugular vein and enclosed venous cannula was tied. The pump was suspended 
directly over the operative field and the arterial and venous cannulae were 
attached to the outflow and inflow tubes respectively. The connections of the 
outflow unit to the flow meter were also made, taking care that no bubbles of 
air were trapped in the flow meter tubing. The Blalock clamp was then re- 
moved from the right pulmonary artery. The clamp previously placed on the 
rubber tubing at the junction of the venous cannula with the inflow tube was 
now slowly released as the pump was started. Air bubbles, not detected and 
removed during the initial filling of the pump with saline solution, were thus 
foreed through the pump and were removed from one of the side arms attached 
to the inflow and outflow tubes. The pump was stopped momentarily by clamp- 
ing the inflow tube during removal of the air. When air removal was com- 
plete the clamp on the inflow tube was again released and suction was again 
slowly inereased until maximum flow was registered by the flow meter. The 
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degree of collapse of the superior and inferior vena cavae during the suction 
phase was also noted. The previously placed double loops of heavy silk sur 
rounding the superior and inferior vena cavae were then pulled taut, thus 
preventing any possible flow of blood into the right auricle. The pump was 
kept in continuous operation for sixty-three minutes. At the end of this time 
the silk loops around the superior and inferior vena cavae were released and a 
clamp was placed across the segment of rubber tubing connecting the venous 
cannula with the inflow tube. This shift back to the right heart caused no 
apparent change in the condition of the animal. The tie around the venous 
eannula and external jugular vein was eut and the cannula removed. The 


INFERIOR VENA CAVA [98 4] SUPERIOR VENA CAVA 


EXP. SSI | 


PULMONARY ARTERY 


Fig. 9.—Experiment SS-1. Three months prior to sacrifice, venous return shunted through 
pump directly into right pulmonary artery for sixty-three minutes. There is no gross evidence 
of damage to the intima of the pulmonary artery or either vena cavae as a result of the ties 
placed around the arterial or venous cannulae. 


vein was then tied below the incision in its wall. The Blalock clamp was then 
replaced around the right pulmonary artery. Just as this was being done the 
pulmonary artery cannula, inadvertently being used for traction to expose the 
mediastinal portion of the pulmonary artery, came out. Bleeding was con- 
trolled by finger compression until the Blalock clamp was tightened proximally. 
The transverse incision in the artery was then sutured with 00000 Deknatel 
silk and an everting mattress stitch. The suture line completed, 100 mg. of 
protamine sulfate* were given intravenously. The double loops of silk around the 
Kirtley of 


ne *The protamine used in these experiments was kindly furnished by Dr. W. R. 
Eli Lilly & Company, Indianapolis, Ind. 
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branches of the right pulmonary artery and the Blalock clamp on the proximal 
pulmonary artery were removed. The right lung was fully inflated and the 
chest closed. The chest was not drained. During the procedure 375 e.c. of 
blood and 250 e.e. of normal saline solution, plus 100 ¢.c. of 3.75 per cent sodium 
bicarbonate, were given intravenously. Penicillin, 400,000 units, was admin- 
istered intravenously during the procedure and was continued postoperatively 
in doses of 300,000 units once or twice daily for a week. The dog showed some 
weakness of the right foreleg, which may have been constricted by the rope 
placed around it to hold it out of the operative field. Within about ten days, 
however, the dog had made a complete recovery. Three months later the dog 
was sacrificed. At autopsy there was no evidence of ill effects from either the 
venous or arterial cannulae (Fig. 9). 

A similar procedure was carried out on a second dog. In this experiment 
the venous return was shunted continuously through the pump for 105 minutes. 
The animal made an uneventful recovery and at sacrifice three months later 
showed no apparent ill effects from cannulation of the veins or artery. The 
third animal, during operation of the pump, developed cardiac arrest from the 
failure of the artificial respiration apparatus to keep the lungs inflated. In 
none of these experiments was an attempt made to open the right heart. With 
improvements in technique, intracardiac procedures should be possible, and 
further experiments are now in progress. 


COMMENT 


As pointed out in the introduction, others before us have used compressed 


air aS a means of propelling the perfusate. Further, Knowlton and Starling*® 
in their heart-lung preparation, showed a glass cylinder with an enclosed thin 
rubber tube, an apparatus very similar to the pump described in this paper, 
but used to create a resistance to flow rather than to propel the fluid. Of the 
pumps using air compression of the perfusate, the pump described by Crafoord 
is most similar to the one described here, although negative pressure was not 
employed in his pump to draw blood into the pumping chamber. The maximum 
minute stroke volume of Crafoord’s pump, as reported by Bjork* is consider- 
ably less than that of our pump. We have not attempted to increase the over-all 
size of the glass cylinder described, but it is theoretically possible, by increasing 
both the diameter and the length of the glass cylinder, as well as the enclosed 
compressible rubber tubing, to increase further the maximum stroke volume. 
An inerease in the length without an inerease in the diameter of the glass cylin- 
der will not result in an increased minute volume with the present arrangement 
for delivery of negative and positive pressure to the cylinder. 

When the work on the pump was first begun by one of us (W. H.S., Jr.), 
Mr. James H. Halkett gave valuable advice and assistance in some of the early 
experiments which were done on eats. We are indebted to him for suggesting 
the type of valve used in the pump. The valves are similar in action to those 
deseribed by Gibbs. By making use of the opposing flaps of a toy noisemaker, 
however, the addition of ‘‘chorda tendineae,’’ such as Gibbs used, was not 


necessary. 
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An important feature of this pump is the single vena caval cannula. .\ 
cannula of the size used in these experiments will not remove the venous blood 
of the dog as rapidly as it reaches the cavae, unless suction is applied. I/ 
gravity were depended upon, a collecting reservoir would have to be placed more 
than thirty-six inches below the level of the animal’s heart in order to keep the 
vena cavae empty of blood. The suction needed to remove the venous return 
through a single cannula is, of course, much greater when the pump is suspended 
above the chest. It would be ideal for a number of reasons to have the pump on 
an adjacent portable table at the level of the animal’s heart. There is no ques- 
tion in our minds, however, that the use of a single venous cannula is superior 
to the use of two separate venous cannulae for each cava. Polyethylene tubing 
possesses all the qualities desirable for a single venous cannula. Another method 
we have used for removing the caval blood is to place a single cannula directly 
into the right auricle through the auricular appendage. Such a method would 
have the added advantage of simultaneously removing the coronary vein return. 
With an auricular cannula, a bubble trap placed between the auricle and the 
pump is necessary if the heart is opened. 

Upon sacrifice of the survival animals there was observed no evidence of 
intimal damage as a result of the ligature placed around the pulmonary artery 
eannula. We believe that the failure to find any gross change in the intima may 
be attributed to several factors: The first, and possibly the most important, 
factor is the ability of the intima to recover from the effects of moderate trauma. 
Previous experience*’ with the cannulation of the inferior vena cava and portal 
vein of more than twenty dogs with small plastic tubing for four to sixty days, 
revealed only a single instance of occlusion of the vessel due to thrombosis. 
This was surprising in view of the fact that definite local thrombosis and fibrous 
tissue formation were found in the veins examined with the tubes in place. 
Further,*! where the tube was accidentally or deliberately removed and the vein 
examined some time later, there was either little or no evidence of the previous 
trauma to the intima. Second was the use of the hand-braided silk ligatures as 
suggested by Hufnagle.‘? The multiple point fixation of the artery to the ean- 
nula with this tie caused minimal intimal damage. Third was the use of an 
arterial cannula with a rounded lip and a well-formed groove behind it, allowing 
the ligature a good hold on the artery wall and minimizing the danger of the lips 
cutting into the intima of the artery. Fourth is the fact that the intima of 
the pulmonary artery is relatively thinner and less brittle than that of a sys- 
temie artery and fracture of the intima is, therefore, less likely. 

We believe that this pump will have its greatest usefulness in the experi- 
mental laboratory. Many basic problems in physiology and surgery remain 
to be solved before operations on the open human heart should be attempted. 
We are continuing experiments to test the teasibility of shunting the pul- 
monary venous return from one lung through the pump into a systemic 
artery. Then, by the use of two pumps, one to by-pass the right side of the heart 
and the other to by-pass the left side of the heart, the heart can be completely 
isolated, except for the coronary flow, from the vascular system. It is probable, 
however, that in order to correct surgically many congenital and acquired lesions 
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of the interior of the heart, it will be necessary to by-pass only one side of the 
heart. This is only one of the many important issues that must be settled in 
the experimental laboratory. In time, the use of this pump as described in these 
experiments may prove practical for use in the human being. It would seem, 
however, that the extracorporal oxygenation of the blood, if it is improved (and 
there is every indication that it will be), would be more satisfactory. The simple 
construction and large minute stroke volume of this pump suggest that it may 
be adapted for use with an extracorporal oxygenator as was the pump described 
by Crafoord. 
SUMMARY 


A simple perfusion pump with a maximum minute stroke volume of 4,700 
c.c. of water has been described. This pump has been used successfully in the 
dog in place of the right side of the heart, the entire vena caval blood flow being 
shunted directly into the pulmonary artery. Changes in the cellular components 
of the blood and in the arterial and venous pressures were studied before, dur- 
ing, and after the venous return was passing through the pump. In several 
animals the entire vena caval return was made to pass through the pump for 
prolonged periods, with survival of the animal as the object. The technique 
employed is described in detail. 


Acknowledgment.—The authors wish to express their deep appreciation to Dr. Gustaf E. 
Lindskog for his encouragement in beginning this work and for his continuing interest and advice. 
They would also like to thank Misses Jean McCray, Regina H. Kruk, Alice J. Bush, Lilee R. 
Betty, and Frances R. Ginsberg for their technical assistance in the experiments. They are 
grateful also to Misses Elizabeth Tuthill and Frances M. Korb for their assistance in the chemi- 
cal analyses performed. Furiher, they would like to express their appreciation to Mr. Frank- 
lin Hutchinson for his helpful advice in the construction of the flow meter. 


REFERENCES 


. Gibbon, J. H., Jr.: Artificial Maintenance of Circulation During Experimental Occlusion 
of the Pulmonary Artery, Arch. Surg. 34: 1105-1151, 1937. 

2. Gibbon, J. H., Jr.: Maintenance of Life During Experimental Occlusion of the 
Pulmonary Artery Followed by Survival, Surg., Gynec. & Obst. 69: 602-614, 1939. 

3. Gibbon, J. H., Jr., and Krawl, C. W.: An Efficient Oxygenator for Blood, J. Lab. & 
Clin. Med. 26: 1803-1809, 1941. 

. Bjork, V. O.: Brain Perfusions in Dogs With Artificially Oxygenated Blood, Acta chir. 
Seandinav. (suppl. 137) 96: 1-122, 1948. 

. Crafoord, C.: Some Aspects of the Development of Intrathoracic Surgery, Surg., Gynec. 
& Obst. 89: 629-637, 1949. 

. Jongbloed, J.: Het Mechanische Hart, Nederl. tijdschr. v. geneesk. 92: 1065-1072, 1948. 

Jongbloed, J.: Mechanisch Hart-Longsysteem, Nederl. tijdschr. v. geneesk. 93: 548- 
552, 1949. 

. Jongbloed, J.: The Mechanical Heart-Lung System, Surg., Gynec. & Obst. 89: 684-691, 
1949. 

. Karlson, E., Dennis, C., and Westover, D. E.: Blood Oxygenation. I. The Kolff 
Apparatus. II. Multiple Horizontal Rotating Cylinders, Proc. Soc. Exper. Biol. & 
Med. 70: 223-224, 1949. 

. Karlson, E., Dennis C., and Westover, D. E.: Blood Oxygenation. III. The Vertical 
Revolving Cylinder. IV. The Vertical Revolving Cone, Proc. Soc. Exper. Biol. & 
Med. 70: 225-226, 1949. 

. Karlson, K. E., Dennis, C., Sanderson, D., and Culmer, C. U.: An Oxygenator With 
Increased Capacity: Multiple Vertical Revolving Cylinders, Proc. Soc. Exper. 
Biol. & Med. 71: 204-206, 1949. 

. Jacobj, C.: Ein Beitrag zur Technik der Kuntslichen Durehblutung tiber lebender 
Organe, Arch, f. exper. Path. u. Pharmakol. 36: 330-348, 1895. 

‘>. Embly, E. H., and Martin, C. J.: The Action of Anesthetic Quantities of Chloroform 
Upon the Blood Vessels of the Bowel and Kidney, With an Account of an Artificial 
Cireulation Apparatus, J. Physiol. 32: 147-158, 1905. 

. Brodie, T. C.: The Perfusion of Surviving Organs, J. Physiol. 29: 266-275, 1903, 





494 SEWELL, JR., AND GLENN Surger 


September, 195' 


. Hooker, D. R.: A Study of Isolated Kidney: The Influence of Pulse Pressure Upo: 
Renal Function, Am. J. Physiol. 27: 24-44, 1910. 

. Richards, A. N., and Drinker, C. K.: An Apparatus for the Perfusion of Isolated 
Organs, J. Pharmacol. & Exper. Therap. 7: 467-483, 1915. 

. Dixon, W. E.: A Simple Perfusion Pump, J. Physiol. 56: Proc. p. XL-XLII, 1922. 

. De Bakey, M.: A Simple Continuous-Flow Blood Transfusion Instrument, New Orleans 
M. & 8. J. 87: 386-389, 1934. 

. Van Allen, C. M.: A Pump for Clinical and Laboratory Purposes Which Employs the 
Milking Principle, J. A. M. A. 98: 1805-1806, 1932. 

. Dale, H. H., and Schuster, E. H. J.: A Double Perfusion Pump, J. Physiol. 64: 356-364, 
1928. F 

. Gibbs, O. S.: An Artificial Heart, J. Pharmacol. & Exper. Therap. 38: 197-215, 1930. 

. Gibbs, O. S.: An Artificial Heart for Dogs, J. Pharmacol. & Exper. Therap. 49: 181-186, 
1933. 

. Tainter, M. L.: Use of the Gibbs Artificial Heart in the Study of Circulatory Phe 
nomena, With Descriptions of Improvements in the Device, and of Response to 
Some Drugs, Arch. internat. de pharmacodyn. et de thérapie 42: 186-199, 1932. 

. Jacobj, C.: Apparat. zur Durchblutung Isolirter iiberlebender Organe. Arch. f. exper. 
Path. u. Pharmakol. 26: 388-400, 1890. 

. Lindbergh, C. A.: An Apparatus for the Culture of Whole Organs, J. Exper. Med. 62: 
409-432, 1935. 

. Barcroft, H.: Observations on the Pumping Action of the Heart, J. Physiol. 78: 186-195, 
1933. 

. De Burgh Daly, I.: Negative Pressure Pulmonary Ventilation in the Heart-Lung 
Preparation, J. Physiol. 63: 81-93, 1927. 

. De Burgh Daly, I., and Thorpe, W. U.: An Isolated Mammalian Heart Preparation Cap 
able of Performing Work for Prolonged Periods, J. Physiol. 79: 199-217, 1933. 

. De Burgh Daly, I., and others: Evaluation of Bronchomotor and Pulmonary Vasomotor 
Activity by Means of the Perfused Living Animal Under Negative Pressure Ventila 
tion, Quart. J. Exper. Physiol. 31: 227-262, 1942. 

- Bareroft, H.: A Mechanical Stromuhr, J. Physiol. 67: 402-408, 1929. 

. Hemingway, A.: Some Observations on the Perfusion of the Isolated Kidney by a 
Pump, J. Physiol, 71: 201-213, 1931. 

. Best, C. H., and Taylor, N. M.: The Physiological Basis of Medical Practice, ed. 5, 
Baltimore, 1943, Williams & Wilkins Company, p. 191, Fig. 38. 

. Moe, G. K.: A Simple Technique for Continuous Registration of Blood Flow, Science 
109: 381, 1949. 

. Sewell, W. H., Jr.: Data to be published. 

. Roughton, F. J. W., and Scholander, P. F.: Micro Gasometric Estimation of Blood 
Gases; I. Oxygen, J. Biol. Chem. 148: 541-550, 1943. 

. Bing, F. C., and Baker, R. W.: The Determination of Hemoglobin in Minute Amounts 
of Blood by Wu’s Method, J. Biol. Chem. 92: 589-600, 1931. 

. Bauer, J. L., and Wood, T.: Personal communication. 

. Adams, E.: Postoperative Thrombocytosis, Arch. Int. Med. 73: 329-335, 1944. 

. Knowlton, F. P., and Starling, E. H.: The Influence of Variations in Temperature and 
Blood Pressure on the Performance of the Isolated Mammalian Heart, J. Physiol. 
44: 206-219, 1912. 

. Cresson, S. L., and Glenn, W. W. L.: Venous Catheterization With Polyethylene Tubing, 
J. Lab. & Clin. Med. 33: 1597-1602, 1948. 

. Cresson, S. L., and Glenn, W. W. L.: Unpublished data. 

. Hufnagle, C. A.: Permanent Intubation of the Thoracic Aorta, Arch. Surg. 54: 382-389, 
1947. 





MIBROSARCOMA OF THE SOFT TISSUES OF THE EXTREMITIES 
A Review or SEVENTY-EIGHT CASES 
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IBROSARCOMA is a malignant tumor which arises from connective tissue. 
Despite the fact that it is rare, we have found that it is the commonest pri- 
mary malignant tumor affecting the extremities. Yet, at the time of this re- 
port, too little is known about this particular tumor to permit the clinician to 
decide absolutely the treatment which should be used in any given case and the 
outcome to be expected. This statement is based on clinical experience and a 
review of literature on this subject.!-?® 
We are reporting an analysis of our observations of 78 eases of fibrosarcomas 
of soft tissue, special emphasis having been laid on the correlation between the 
histologic appearance of the tissue of the tumor and the end results obtained 
from treatment. An attempt also was made to study the tissues as completely 
as possible and to group them into 4 grades of relative malignancy on the basis 
of all the features which they presented. 


ANALYSIS OF CASES 


As a basis for this study, a review was made of all available records of cases 
in which the diagnosis was fibrosarcoma of the soft tissues of the extremities, 
and for which treatment had been carried out at the Mayo Clinie during the 
10-year period from Jan. 1, 1931, to Dee. 31, 1940. In 10 cases the diagnosis 


of fibrosarcoma was found to be erroneous. In order to be certain that a case 
was not included that might more properly be classed as fibrosarcoma of bone, 
that is, a fibrosarcoma whose primary origin was from an osseous component, and 
which secondarily involved the neighboring soft tissues, all cases were excluded 
in which associated destruction of hone had occurred, regardless of the cause. 
Our series then included 78 cases. All specimens of tumors were preserved in 
10 per cent formalin and were made available for study. 

In cases in which amputation had been performed, the distance between 
the upper end of the tumor and the site of the amputation was carefully meas- 
ured. On the other hand, if local removal had been accomplished, the amount 
of tissue sacrificed and its relationship to the size of the tumor were noted. Gross 
estimates of degrees of encapsulation were made. Multiple blocks were taken 
from each tumor; selection was designed to sample portions of tumors which 
were of different color and consistency and also to verify the presence or absence 
of a capsule. Paraffin sections were made in the usual manner and hematoxylin 
and eosin stains were employed. Several blocks were treated by other methods 
to demonstrate the presence of mucus and reticulin. 


Abridgment of thesis submitted by Dr. Ivins to the Faculty of the Graduate School of 
the University of Minnesota in partial fulfillment of the requirements for the degree of 
Master of Science in Orthopedic Surgery. 

Received for publication, Sept. 26, 1949. 

*Section on Orthopedic Surgery, Mayo Clinic. 

*Division of Surgical Pathology, Mayo Clinic. 

tSection on Orthopedic Surgery, Mayo Clinic. 


495 





IVINS, DOCKERTY, AND GHORMLEY Tag - 

In 69 per cent of our cases the patients were males. The ages of the pi 
tients ranged from 12 to 76 years, and two-thirds of the patients were in th: 
third, fourth, and fifth decades of life. The average age was 44.7 years. 

The patient had given a definite history of some other member of the famil) 
having had cancer in 18 per cent of the cases, but a specific history of sarcoma 
was obtained in only 3 cases. Heredity, however, is not considered a predisposing 
factor in the development of fibrosarcoma. 

In our series of 78 cases, 28 per cent of the fibrosarcomas occurred in the 
upper extremities and 72 per cent in the lower extremities. The more frequent 
appearance of the tumor in the lower extremities than in the upper has been 
ascribed simply to the larger volume of the thigh and leg, as compared with 
the arm and forearm. The knee, elbow, and forearm were the commonest sites. 
As a rule, the tumors originate in the subcutaneous tissues and fasciae or from 
the fibrous intermuscular or intramuscular septa. 

The cause of fibrosarcoma is unknown. Trauma has been considered by 
some to be of etiological significance. In 1907, Segond'® established certain 
criteria, since in common usage, that must be fulfilled before the possibility of 
trauma as a cause is entertained. 

In 19 of our 78 eases (about 25 per cent) the patient gave a history of 
trauma which he considered to be related in some manner or degree to his ill- 
ness. Of the 19 possible cases in our series in which trauma might have been 
of etiological significance, however, in only 1 case was it remotely probable that 
it could have been responsible for inducing malignant change in a benign neo- 
plasm of long standing. In this case, a man 48 years of age had had a mass on 
the distal portion of the right leg for 30 years. Seven years prior to admission 
he had been kicked by a calf, after which the mass began to grow. He had had 
2 excisions elsewhere for fibrosarcoma, grade 3. The leg was amputated later, 
and 2 years after the first excision the patient died of pulmonary metastasis. 

Fibrosarcomas, unfortunately, do not give rise to alarming symptoms, a 
fact which may be of significance when the rather grave prognosis associated 
with them is considered. In all cases in our series the presence of a mass or 
‘‘swelling’’ was the initial complaint. In 94 per cent of the cases it was noted 
that the mass was enlarging. As a rule, enlargement of the mass was slow, but 
in 14 per cent of the cases it was noted that, after a variable period of apparently 
static existence or slow enlargement, the tumor mass suddenly began to grow 
with rapidity. In 4 eases the growth was rapid from the outset. Only 27 of 
the tumors were primary; the remaining tumors (65 per cent) were recurrences, 
and the patients had had one or more excisions elsewhere before being seen at the 
clinie for the first time. 

Pain was not a prominent symptom. In only 29 eases of the entire series 
was pain listed as a symptom, and in only 1 case was the pain severe. In the 
majority of cases, pain was inconstant; it was usually described as an ‘‘aching,’’ 
at times a ‘‘local awareness’’ or tenderness. 

Constant constitutional symptoms were not present. Only 2 patients had 
lost a significant amount of weight. Laboratory examination of the blood and 
urine did not disclose any abnormality. 
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The duration of symptoms, represented by the time between first appear- 
ance of symptoms and first visit to the clinic, was known in 75 of the 78 cases. 
It ranged from as short as 1 week to as long as 30 years, the average duration 
for the entire series being about 3 years and 2 months. 

Roentgenograms showed evidence of a soft tissue mass in 55 per cent of 
our eases. Although the tumor mass easts a shadow of the same density as the 
surrounding normal tissue and the presence or absence of infiltrative growth 
cannot be determined, the relative size of the mass, its proximity to bone or 
other vital structures, and the presence or absence of local destructive changes 
in bone are apparent and are of assistance in determining the procedure to be 
employed. 

Edema is present in varying amounts, evidently depending on the extent 
of local circulatory blockage by the tumor. 

The tumor is usually single, but may be multicentric in origin, particularly 
in the case of recurrent tumors. On palpation, the tumor is not as hard as a 
carcinoma, nor as soft as a lipoma. Characteristically, there is a firmness rather 
midway between these extremes; however, cellular fibrosareomas may give a 
soft, fluetuant sensation on oceasion, while low-grade fibrous tumors may be 
nearly as hard as bone. The mass is rounded, or lobulated, and as a rule is 
rather sharply delimited from the surrounding normal tissue. The earlier 
lesions, and those which are superficially placed, are freely movable, large 
tumors; those lesions arising from, or attached to, deep fascial structures may 
be fixed. 

There is nothing characteristic about the size of the tumors. In our series 
the tumors varied in size from small nodules a few millimeters in diameter, to 
enormous masses weighing several thousand grams. A relationship could not 
be established regarding the size of the tumor mass, pathologie grade, or end 
result. 

Extension into the lumens of blood vessels is common, hence the majority 
of these neoplasms metastasize rather early in their development. 


MICROSCOPIC FEATURES 


The microscopic structure of a fibrosarcoma varies considerably, just as do 
the gross appearance and clinical behavior. These neoplasms are composed of 
cells the ultimate function of which is production of fibrous connective tissue. 
They range from fibrous fibrosarcoma, closely akin to benign fibroma, to cellular 
fibrosarcoma which exhibits marked anaplasia and pleomorphism. Yet all of 
them have certain common features which distinguish fibrosareomas as a definite 
group of tumors. 

The typical cell is the fibroblast, a cell form which is intermediate between 
the primitive undifferentiated mesoblast from which it arises, and its adult 
counterpart, the fibrocyte. These cells vary in their degree of differentiation 
from one tumor to another, but in any one given tumor rather reliable uniformity 
usually exists. Typically the cells are fusiform or elongated and have been 
described by the familiar term ‘‘spindle ecell.’’ There may be some variation 
in size of the cells and in the amount of intercellular matrix that separates in- 
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dividual cells. The nuclei are oval to spindle shaped, but may be lobulated. 
The nuclear chromatin is arranged in reticular fashion and varies considerab]) 
in amount from tumor to tumor. Usually a single, distinct, basophilic nucleolus 
is present, but there may be several nucleoli. 

In highly differentiated tumors the acidophilic cytoplasm is rather scanty 
and is drawn out into long processes at the ends of the cells. Primitive forms 
exhibit considerable variation in shape and size of the cell, and the amount of 
cytoplasm is increased. In these forms there may be a definite increase in the 
amount of nuclear chromatin and large basophilic granules. 

The chief function of these cells is fibrogenesis, and they are separated by 
varying amounts of collagenous argyrophil fibrils arranged in strands. The 
collagenous matrix is generally homogeneous, but at times it may appear to be 
myxomatous. 

Seattered throughout the tumor are small vessels, few in number in adult 
types, but characteristically rather abundant in less well-differentiated tumors; 
many of them are extremely fragile and composed of but a single layer of endo- 
thelium. Radiating from these vessels is a delicate network of fibrils which 
furnishes the supporting stroma and gives rise to the lobulated appearance. 
In rapidly growing tumors, areas of necrosis are seen at the periphery of the 
lobules where tumor tissue has grown away from its source of nourishment. 
Occasionally this may give rise to a peritheliomatous structure. Lymph vessels 
have not been observed within the substance of the tumors. 

Usually the periphery of the tumor is marked by a capsule of sorts. The 
cells are arranged in several layers in concentric fashion and are flattened, but 
in other respects they do not seem to differ from the cells to be found elsewhere 
within the tumor. It can be seen that fasciculations that course between the 
individual lobules descend from, or are continuous with, the capsule. Here and 
there the continuity of the capsule is interrupted by actively growing pro- 
jections of tumor eells that are continuous with both the intralobular tissue 
and the cells of the capsule. As indicated before, the flattened cells on the 
periphery probably do not form a true delimiting capsule, but rather they 
represent a ‘‘compression zone’’ in evidence of the rapid expansive growth of 
the tumor. 

Within the lobules of the mass the fibroblasts arrange themselves in parallel 
fashion, the degree of this polarity testifying in some measure to the degree of 
differentiation of the tumor. At times these polarized cells are seen to be 
grouped in fascicles that may appear to intertwine, or they may form whorls. 
The exact significance of the presence of pathologie mitotie figures is obscure, 
although the concensus throughout the literature seems to be that to diagnose 
fibrosarcoma without having found mitotic figures is a hazardous procedure. 
Many pathologists hold that they are an evidence of malignancy and represent 
another manifestation of wild and disordered growth. 

’ As a rule, microscopic study of fibrosarcomas results in diagnosis because 
of the characteristic structure of these tumors. However, several neoplasms, 
both benign and malignant, make interpretation of histologic findings difficult 
at times. 
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GRADING OF FIBROSARCOMA 


Broders first devised a system of pathologie grading which employed the 
fundamental principle of cell differentiation, wherein 4 grades of malignancy 
were established, grade 1 being the least malignant and grade 4 the most malig- 
nant. This system, as originally devised, was meant to be used as a guide to 
treatment. Accumulated experience, however, has shown that the grading of 
tumors, particularly carcinomas, also has definite prognostic significance. With- 
out regard to the treatment employed it is safe to say that, in general, the prog- 
nosis is more favorable if the tumor is of grade 1 or 2 than it is if the tumor is 
of a higher grade. The pathologic grading of sarcomas is more difficult than 
the grading of carcinomas, principally because the latter more commonly display 
characteristics of organoid growth, which are relatively easy to recognize as 
evidence of cellular differentiation. In the case of fibrosarcomas, fibrogenesis 
is the principal indication of the functioning capacity of the cells. In 1936, 
Meverding, Broders, and Hargraves, analyzing an earlier clinic series of fibro- 
sarcomas, found that the grade of the tumor influences the prognoses.’® 

Grade 1.—Of the 78 tumors in our series, 17 (or 22 per cent) were classified 
as grade 1. In general, they were fibrocellular tumors. As a group, the tumors 
exhibited abundant fibrogenesis, and the polarity of cells and fibers was ad- 
ditional evidence of relatively adult tissue (Fig. 1 a). 

Some were composed entirely of the spindle-cell type of tissue and others 
contained myxomatous tissue. The size or shape of the cells varied little; they 
were fusiform, not closely packed, and presented spindle-shaped nuclei which 
did not stain deeply. Dense nucleoli were not a prominent feature. In areas 
of myxomatous tissue, nuclei lose their fusiform appearance and assume a stellate 
shape, and the cells usually have little cytoplasm that can be seen (Fig. 1 b). 
Mitotic figures, both normal and pathologic, were present in all tumors, but in 
some they could be found in almost every field, while in others they were located 
only after diligent search. The tumors of this grade were not vascular, although 
some had varying amounts of newly formed, thin-walled vessels. In 2 tumors 
perivascular disposition of the cells was evident. 

In 13 cases the tumors were known to recur. It is probably precarious to 
assume anything from this fact alone, since in 65 per cent of the cases the pa- 
tient had had surgical treatment elsewhere, and the extent or adequacy of that 
treatment was unknown. Nevertheless, of the 17 patients, all except 5 required 
multiple excisions. Three of the 5 patients who had but 1 excision are well and 
free from their disease 6, 7, and 15 years later. One died of widespread metas- 
tasis 14 months after wide excision of the primary tumor. No report could be 
obtained concerning the fifth patient. 

Of the 12 patients who had multiple excisions, the number of excisions 
varied from 2 to 10, and 3 patients underwent amputation subsequently. 

No correlation can be found between the manner in which patients were 
treated and the known result. Two of 3 patients who underwent amputation 
died of pulmonary metastasis, while 1 patient is alive and well after 10 ex- 
cisions in a period of 13 years. [urthermore, repeated re-examination of the 
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tissue of the tumors disclosed nothing to distinguish the recurrent tumors fron 
those which existed only as primary tumors. An increase in relative malignane 
was not noted in any of the tissue from recurrent tumors which were available 
for study. 


Fig. 1.—Fibrosarcoma, grade 1. a, Marked fasciculation in a tumor from the leg of a 
woman 59 years old who was well for 15 years after 2 excisions and amputation (hematoxylin 
and eosin, X100). b, Myxomatous structure in the tumor from the upper part of the thigh of 
a man 50 years old. Final result in this case unknown; 2 excisions were carried out (hema- 
toxylin and eosin, X100). 


The condition of 3 patients could not be followed adequately; however, it 
is known that 2 of these patients had recurrences. Of the remaining 14 patients, 
one-half are known to be living and well from 6 to 15 years after treatment at 
the Mayo Clinic, while one-half are known to have died. It should be noted that 
the course of the disease was long in all eases in which the patient died; for 
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Number 


example, 1 patient died of pulmonary metastasis 6 years after amputation and 
17 years after the onset of illness. These cases illustrate that any determination 
of the number of 5-year cures has a limited value. 


Fig. 2.—Fibrosarcoma, grade 2. a, Good uniformity of individual cellular elements and 
some fasciculation in the lesion from the calf of a man 61 years old. Death, due to pulmonary 
metastasis after 3 local excisions, occurred 4 years after the last excision (hematoxylin and 
eosin, X100). b, The myxomatous structure of a lesion from the left thigh of a man 67 years 
old. Result of treatment is unknown (hematoxylin and eosin, X100). 


Grade 2.—Nineteen, or 24 per cent, of the 78 tumors were of grade 2. With 
but 1 exception, all 19 tumors were fibrocellular. As a group, the tissues of the 
tumors exhibited rather abundant production of fibers, but noticeably less than 
Was evident in the tumors of grade 1. One tumor was predominantly cellular; 
the course of the disease in this case was not particularly short. 

In regard to giant cells, fibrosarcomas, grade 2, could not be distinguished 
from fibrosareomas, grade 1. In none of the sections were foreign-body giant 
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cells seen; in only 2 tumors were tumor giant cells evident, and these in limite: 
number. Nothing about the course of the disease in these 2 instances set thei 
apart. One patient died of pulmonary metastasis and at the time of this report 
the other remains alive and well 13 years after surgical] excision of the tumor. 

Individual cellular elements were not markedly different from those of 
tumors classified as grade 1 (Fig. 2 a) ; in general, rather uniform spindle cells 
predominated. Only 3 tumors of grade 2 contained myxomatous areas (Fig. 
2 6). The nucleoli were more prominent in fibrosarcomas of grade 2 than in 
those of grade 1, and, as a group, the tumors also were more vascular than the 
tumors of grade 1. A possible relationship between these two observations is 
conjectural. 


Fig. 3.—Fibrosarcoma, grade 3, illustrating giant cells and disorderly growth pattern. 
Lesion was from a man 49 years old who had a recurring mass on volar aspect of left forearm. 
Death occurred from pulmonary metastasis 16 months after amputation. Total course was 4 
years (hematoxylin and eosin, X100). 


Mitotie figures were present in increased numbers, a manifestation of in- 
creased cellular activity. Peritheliomatous structure was evident in 1 tumor 
in this group. 

Here again recurrence was the rule. In 13 of 15 eases in which definite 
information was available, there were from 1 to 4 recurrences. The condition 
of 4 of the 19 patients could not be adequately followed. Of the remaining 15 
patients, 8 are known to have died of their disease. This result is the same as 
that obtained for tumors of grade 1. 

Grade 3—Of the 78 tumors, 29 (about 37 per cent) were classified as grade 
3. The tumors, with but 4 exceptions, were all fibrocellular. A striking feature 


was the increased number of tumor giant cells; in 17 tumors the number was 
significant (Fig. 3). 
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The individual cellular elements tended to be smaller, more closely packed, 
and darker staining than those of other tumors. Variation in size and shape of 
cells was greater in tumors of this grade than in tumors of lower grades; in 
some of them spindle-shaped cells were present, but generally the cells tended 
to be more plump or rounded in appearance. In most of the nuclei 1 small, 
dark, prominent nucleolus was prominent, but at times 2 or more nucleoli were 
apparent. Rather striking was the increased number of mitotic figures to be 
found. In almost all tumors at least 1 mitotie figure could be found in each oil 
immersion field. The vast majority of these mitotic figures appeared entirely 
normal, yet all manner of so-called abnormal mitotic figures could be found with 
some search. Seattered areas of hemorrhage and hyaline necrosis were much 
more frequently seen in these tumors than in those of lower grades, and, as a 
group, they were rather well supplied with thin-walled, newly formed vessels. 


Fig. 4.—Fibrosarcoma, grade 3, illustrating the pseudocapsule or compression zone com- 


posed of actively growing tumor tissue. Lesion is from a man 25 years old who had a recurring 


mass on the lateral aspect of left elbow that followed local contusion. Three excisions were 
done. The patient was.alive and well 15 years after the last excision (hematoxylin and eosin, 


x50), 

Less than one-third of these tumors contained myxomatous areas. In the 
tumors of lower grades the myxomatous areas tended to be diffuse; in fibro- 
sarcomas of grade 3, myxomatous patches were intermingled with portions of 
denser tissue. In dense areas, polarity was not a prominent feature because of 
both the reduced fibrogenesis and the change in general shape of the cells 
(Fig. 4). 

Recurrences were evident in 19 of the 29 cases, the number varying from 
1 to 9. Eighteen patients (62 per cent) died of the disease; the increase in 
mortality rate over that for patients having tumors classified as grade 1 or 2 
is significant. Histologically, nothing was noted to distinguish the tumors of 
patients who survived from those of patients who died. 
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Grade 4.—The remaining 13 fibrosareomas (about 17 per cent) of the 7& 
were classified as tumors of grade 4. The tissues were all more cellular than 
those of tumors of lower grades. In all but 2 of the 13 tumors, however, scattered 
areas of fibrogenesis were present, and the tumors of this grade also were classed 
as fibrocellular. 

Marked pleomorphism was characteristic of the individual cellular elements 
of tumors of grade 4. In some tumors rather plump spindle cells could be found; 
generally, however, the cellular elements were all sizes and shapes, from smal! 
round cells, each having little cytoplasm and a dark, dense nucleus, to large 
tumor giant cells, each having granular cytoplasm, 1 to 5 or more nuclei, and 
several dark-staining nucleoli. Tumor giant cells were a conspicuous feature, 
even on low-power examination, when large numbers of them could be seen in 
most of the tissues. Mitotie figures, both normal and pathologic, were present 
in great numbers, and a section of average thickness usually contained at least 
1 in every oil immersion field. 

These features combined to give the tissues of fibrosareomas, grade 4, a 
disordered, ‘‘wild’’ or ‘‘dirty’’ appearance (Fig. 5 a) in contradistinction to 
the more or less orderly appearance of the bulk of tumors of lower grades. 
Newly formed vessels were much in evidence, but the frequent necrotic patches 
seen in these tissues testified to the rapidity with which they grow. Another 
manifestation of rapid growth of tissue in tumors of grade 4 was the difference 
in the character of the ‘‘pseudocapsule.’’ Whereas in the tumors of lower grades 
this compression zone was composed of tightly packed spindle cells and fibers, 
in the tumors of grade 4 only a suggestion of compression was evident at the 
periphery, and the cells in the peripheral zone were little different from the cells 
in the center of the neoplastic mass (Fig. 5 b). 

In 3 of these 13 cases the condition could not be adequately followed. In 
1 case an undetermined number of local recurrences occurred in the stump after 
amputation, but the final result is not known; the other 2 patients are known to 
have died but the cause of death is not known; of the remaining 10 patients, 
9 had recurrences; 8 of the patients died of the disease, while 2 were alive and 
well at the time of our study 14 and 11 years, respectively, after their last opera- 
tion. As in the case of tumors of lower grades, nothing distinctive was noted 
about the microscopic appearance or gross surgical description of the tumors 
of patients who died. 

Comment.—From the foregoing it is evident that soft-tissue fibrosarcomas 
ean be rather easily classified into 4 relative grades on the basis of their histo- 
pathologie appearance, disregarding for the moment any significance that such 
a classification might have. To grade the tumors, the relative maturity of the 
neoplastic tissue is noted; fibrosarecomas, grade 1, must bear close resemblance 
to benign compact fibromas and to normally situated, nonneoplastice fibrous 
tissue ; fibrosarcomas, grade 4, occupy a position as far removed from this picture 
as Microscopie acumen will enable us to identify cell types. 

Recurrent or metastatic lesions were not found to advance in grade, and the 
structure of the parent or primary neoplasm was faithfully reproduced in local 
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recurrences and in regional lymph nodes. Whereas these tumors typically 
metastasize by way of the blood stream, and death usually is due to extensive 
pulmonary metastasis, to cerebral metastasis, or to a combination of the two, 
metastasis to the regional lymph nodes does occur at times. In 3 of our 78 cases 


Fig. 5.—Fibrosarcoma, grade 4. a, The ‘‘wild’’ disorderly appearance of these high-grade 
tumors should be noted. Lesion was excised from the left thigh of a man 52 years old, 9 
months after onset. No recurrence was noted. Patient was well 14 years later (hematoxylin 
and eosin, X100). b, High cellularity with negligible production of fibers is evident. The tumor 
Was on the right leg of a man 73 years old. Amputation was done after the third excision for 
a Patient died 9 years after amputation; cause unknown (hematoxylin and eosin, 


x1¢ 


involvement of regional lymph nodes was proved. In 5 additional cases it 
seemed clinically certain that metastasis to the regional nodes had occurred. 
Hence, in this series at least, the true incidence of involvement of lymph nodes 


would seem to be between 4 and 10 per cent. 
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TREATMENT AND RESULTS 





It is generally agreed that the treatment for fibrosarcoma is unsatisfactor) 
Just how unsatisfactory it is is difficult to judge by perusing reports in tli 
literature. This is due to several factors: The passing years have change«| 
diagnostic concepts and limited the value of previous reports. Furthermore. 
many reports listed as ‘‘eured’’ those patients known to be alive as little as 3 
years after surgical treatment, when, as a matter of fact, the present study has 
shown that local recurrences or metastasis may appear Many years after primary 
treatment. Finally, the lack of clearly defined terms demands greatest restraint 
in the evaluation of any form of treatment, since what is considered wide, radi- 
eal, or block excision by one surgeon may be considered conservative by another. 
In our series of cases so many patients had undergone one or several conservative 
surgical procedures elsewhere, with or without adjunctive treatment with 
radium, roentgen rays, lead, or Coley’s toxins, that it was again impossible to 
produce figures to prove that any one particular treatment was superior. 

Primary amputation obviously would produce a high rate of cure but it 
would result in the unnecessary sacrifice of many limbs. Commenting on this, 
Friedman" has said, ‘‘The relatively innocent appearance and behavior of many 
early primary tumors generally misleads the surgeon to undertake conservative 
procedures which are inadequate. ”’ 

Of our group of 78 eases, the condition of 10 patients could not be followed 
adequately ; however, it is known that 4 had local recurrences of the tumor and 
that the tumor had metastasized to the lymph nodes in an additional case. In 
addition to these 10 cases, 5 more were excluded from the group in ealeulating 
end results: 3 of the 5 patients were known to be well only three months, 1 
year, and 4 years, respectively, after the last surgical procedure; both of the 
other 2 had fibrosarcomas, grade 4, and died of unknown causes 54% years and 
9 years, respectively, after amputation. 

In 63 cases (or 81 per cent) the follow-up information was detailed and 
complete. 

In 23 of the 63 cases (38 per cent) the patients were considered cured. 
The average follow-up period was 10.7 years, with a range of from 6 to 17 years. 

Of the 23 patients who were considered cured, only 4 underwent amputa- 
tion, and in only 1 of the 4 was amputation done primarily. The other 3 pa- 
tients underwent amputation after 2, 3, and 8 recurrences, respectively. The 
remaining 19 cured patients had from 1 to 10 local excisions. 

In 40 eases (66 per cent), the patients were known to have died of the 
disease. The average period of survival after the last surgical procedure was 
23.3 months, the range being from 2144 months to 84 months. One-half of the 
patients who died had had amputations; 4 of them had had amputations done 
primarily. This total of only 5 primary amputations does not permit us to 
draw conclusions. 

Of the 40 patients who later died, 18 had had from 1 to 9 local excisions; 
in 2 instances intensive roentgen therapy was used after exploration and biopsy. 
Because of the fact that fully two-thirds of the patients in this series of cases 
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had had surgical treatment, the adequacy of which is not known, before being 
seen at the clinic, conclusions could not be drawn as to the efficacy of conserva- 
tive or radical local excision. Since 63 per cent of the patients who were cured, 
and 94 per cent of the patients who died, had had 1 local recurrence or more 
when local excision was the primary treatment, it can be said that local surgical 
procedures, at least as practiced in our eases, are highly ineffective in preventing 


local recurrence. 

High-voltage roentgen therapy is another potent weapon against malignant 
disease in general. In this series of cases, 83 per cent of the patients who were 
considered cured received roentgen therapy, and it was administered in slightly 
more than 80 per cent of the cases in which death resulted. Generally, such 
treatment was directed at the operative site and occasionally at regional lymph 
nodes; it was usually administered during the early postoperative convalescence. 
The amount given varied widely, from a single treatment to several courses of 
treatment administered for a period of several months. 

Many patients were treated without the benefit of roentgen therapy and, 
when given, the amount was so variable that conclusions could not be reached 
concerning its effectiveness. However, it is generally held that such treatment 
for fibrosarcoma is ineffective. 

Regardless of consideration of the histologic structure or the grade of 
malignaney, in our series 38 per cent of the patients lived 5 or more years and 
19 per cent lived more than 10 years after their last surgical treatment. 

Without regard to treatment employed, the patient in our series with a 
tumor of grade 1 had almost 3 times as good a chance of surviving 5 years after 
operation as the patient with a tumor of grade 4. A progressive decline in sur- 
vival rates also was noted in relation to advancing pathologie grades (Table I). 


TABLE I. SURVIVAL RATES ACCORDING TO THE GRADE OF MALIGNANT DISEASE 





] _-PIVE YEARS OR MORE \ TEN YEARS OR MORE 
NUMBER OF | PER CENT OF | NUMBER OF PER CENT OF 
GRADE CASES SURVIVAL SURVIVAL 





57 

38 
31 
200— 


SUMMARY AND CONCLUSIONS 


A review was made of the case records and pathologie specimens of 78 
cases of fibrosarcomas of the soft tissues of the extremities in which treatment 
had been administered at the Mayo Clinie during the 10-year period from Jan. 
1, 1931, to Dee. 31, 1940. The microscopic diagnosis of fibrosarcoma is difficult 
at times, even in the hands of expert pathologists; in the course of this study 
10 cases were found in which the diagnosis erroneously had been fibrosarcoma. 
ibrosarecomas generally can be rather easily classified into 4 relative grades of 
malignaney, according to the method of Broders based on the histopathologic 
Structure of the tumor, This classification has prognostic significance in that a 
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study of 63 cases, in which complete and detailed follow-up information was 
available, showed that the 5-year survival rate for patients having grade | 
fibrosarcoma was 57 per cent; for grade 2 fibrosarcoma, 38 per cent; for grade 
3 fibrosarcoma, 31 per cent, and for grade 4 fibrosarcoma, 20 per cent. Becausi 
amputation was done primarily in so few of these cases it was impossible to 
determine whether or not local excision or primary amputation was the treatment 
of choice. Eighty-three per cent of the patients who survived and 80 per cent of 
the patients who died had received roentgen therapy as adjunctive treatment. 


In our eases the 5-year survival rate for patients having fibrosarcoma, re- 


gardless of the pathologic grade of the tumor and of the form of treatment em- 
ployed, was 38 per cent. We found that the survival rate in fibrosarcoma com- 
pared favorably with the survival rate in other major malignancies. 


Fibrosareomas of the soft tissues of the extremities can be grouped into 4 


grades of relative malignancy based on the histopathologic structure. The 
grouping of fibrosarcomas into grades of relative malignancy has prognostic 
significance in that the survival period is inversely proportional to the grade. 


It is impossible to arrive at any definite conclusions as to whether amputa- 


tion or local excision is the primary treatment of choice. It would appear that 
roentgen therapy, as administered, did not significantly affect the prognosis. 
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EXPERIMENTAL EVIDENCE OF FACTORS CONCERNED IN THE 
EVENTUAL RECOVERY OF STRANGULATED INTESTINE: 
EFFECTS OF MASSIVE PENICILLIN THERAPY 


Haro.tp LAurMAN, M.D., CuicaGco, ILL. 


(From the Department of Surgery, Northwestern University Medical School) 


EW observations make us more and more aware that the physiologic dis- 

turbances in intestinal strangulation obstruction are extremely complex. 
Loeal factors concerning viability alone are numerous'’ and their interdepend- 
ence makes it difficult to apply strict criteria for viability. The fundamental 
phenomena responsible for most local and general disturbances are: (1) inter- 
ference with circulation, and (2) bacterial invasion. We can now modify both 
of these factors in therapy, but owing to certain secondary features which we 
will attempt to describe, such modification has definite limitations. 

We have previously reported our experimental efforts to deal with the faec- 
tor of disturbed circulation.’* In the present report we wish to describe our 
studies of the second factor, bacterial invasion, particularly as it applies to the 
eventual recovery of the involved loop. 

Some excellent work has been done recently to demonstrate the favorable 
effects of chemotherapy and antibiotic therapy on survival in intestinal strangu- 
lation. Harper and Blain® placed penicillin in isolated, closed intestinal loops 
and found that it protected the animal to a considerable extent from the usual 
toxic manifestations, and it prolonged life. Later, Blain? used penicillin in 
animals with strangulated lower ileal obstruction and found that such animals 
lived longer than did the controls without penicillin. Also, he found that re- 
section of gangrenous loops could be delayed up to certain limits with successful 
results. Sarnoff and Poth'® prepared animals with Sulfasuxidine and then de- 
prived a large segment of small intestine of its venous drainage. The survival 
of such segments through vascularized adhesions indicated that lowering the 
bacterial content of the fecal stream widened the margin of safety in devas- 
cularization. More recently H. A. Davis and associates’ obtained similar results 
in rabbits with the use of streptomycin. The bowel in these experiments ap- 
parently never reached the stage of irreversible autolysis, and, being almost 
sterile, was able to survive until a new blood supply was formed. We have 
established recently,'? as Dragstedt® showed previously, that sterile autolysis 
of the dog’s intestine is completely innocuous to the host, provided intestinal 
continuity is intact. We were able to reduce the bacterial content of devas- 
cularized loops sufficiently to permit the complete autolysis of appreciable 
lengths of intestinal tissue. This occurred without deleterious effect on the 
animals. A comparable experiment was performed on the liver by Markowitz, 
Rappaport, and Scott,’* who found that while ligation of the hepatie arterv 
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invariably results in liver necrosis and death, the administration of massiv: 
doses of penicillin prevented death in such animals. 

In the course of strangulation experiments of many types over the pasi 
several years we have been impressed by the fact that the microscopic changes 
in so-called ‘‘nonviable’’ strangulated bowel do not always appear irreversible 
until a very late stage of autolysis, although the gross appearance may be that 
of irreversible infarction.'' We felt that if the ill effects resulting from the 
action of saprophytic invasion on dead tissue could be suspended until new or 
collateral circulation formed, or until the original channels became re-established, 
the host animal should survive the immediate effects. Further, if the absorption 
of harmful enzymes”’ could be suspended during this period, the limitations to 
such therapy would logically depend on the degree of eventual recovery and 
the functional importance of the organ involved. We wished to make practical 
application of the information at hand to determine to what extent a released 
strangulated loop which was grossly nonviable could be salvaged without re- 
section and what the eventual effects would be on the animal. 

Our preliminary experiments were concerned with standardizing the time 
factor and the length of loop for strangulation. We found it convenient to 
subject a 6 to 8 inch segment of lower ileum to venous strangulation with binding 
tape for approximately 4 to 6 hours. Strangulation of longer loops caused 
sufficient fluid loss to require replacement therapy. Shorter loops usually rup- 
tured either during this period of time or after release. The medium length 
loops employed by us remained nonviable by the usual criteria of viability after 
release of the strangulation, while the experiment was not complicated by extra- 
ordinary fluid loss or perforation during the period of strangulation. Nonethe- 
less, such animals invariably died within 24 to 72 hours after release of the 
strangulation.'* Postmortem examinations revealed a putrid peritonitis and a 
gangrenous loop of bowel with or without perforation. Using 10 of these 
animals as a control group we wished to determine to what extent alteration of 
the bacterial factor would affect the recoverability of replaced ‘‘nonviable’’ 
loops. 

EXPERIMENTAL DATA 

In 10 unprepared dogs weighing approximately 10 kg., a 6 to 8 inch seg- 
ment of lower ileum, just proximal to the termination of the marginal vein, was 
strangulated with binding tape applied only snugly enough to obstruct the 
venous return. This produced a loop which paralleled the usual clinical variety 
of venous-type strangulation. The strangulated loop was then returned to the 
abdomen and the abdominal wall closed. Intravenous Nembutal anesthesia was 
used for surgery. After 6 hours the abdomen was reopened, the strangulating 
tape was removed, and the segment was observed for viability. In each instance 
the released loop remained black or dark blue, immobile, and moderately dis- 
tended, and the involved hemorrhagie mesentery contained no pulsations. The 
usual resuscitative measures’ had no effect on the appearance of the loop or on 
its surface temperature. (By previous experience such a loop would be con- 
sidered nonviable and, if replaced, would invariably cause the death of the 
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animal within 24 to 72 hours.) Microscopie sections of bowel at this stage re- 
vealed a severe degree of hemorrhage into the various layers, but cellular de- 
struction had not occurred. The loop was then wrapped in omentum and re- 
turned to the abdomen and the abdominal wall was closed. Each animal re- 
ceived an intramuscular injection of 300,000 units of penicillin in a 96 hour 
base. This dose was repeated 96 hours later. 

Most of the animals were quite ill for 3 or 4 days, refused to eat, appeared 
lethargic, and presented a distended abdomen. No other therapy was given. 
However, each animal survived the immediate postoperative period and within 
a week each was taking food in small amounts. 

The animals were sacrificed at varying periods of time postoperatively, ex- 
cept for 2 animals which died on the fifteenth and nineteenth postoperative days, 
respectively. The specimens were studied grossly and microscopically. 

Our findings revealed changes in the recovering loop which illustrated the 
limitations to which it is feasible to return loops of questionable viability to 
the abdomen. It was of interest to note that most of our findings have their 
counterpart in human eases previously reported in the literature. 

Disturbance in Peristaltic Gradient—Within the first several days post- 
operatively the nonfunctioning loop did not take part in the natural peristaltic 
activity. For example, in 1 animal sacrificed at 6 days there was a hard, dry, 
fecal impaction in the lumen of the involved loop. Ordinarily the luminal con- 
tents of the ileum are liquid or semiliquid. The impaction illustrated the in- 
ability of the involved loop to move its contents onward. Thus, although the 
loop was in the process of regaining a blood supply, it was not able to partake 
in the process of peristalsis. 

Several cases of this nature have been reported. Moore,’® in 1941, reported 
a case of mesenteric occlusion in which the collateral circulation was sufficient 
to allow the bowel to recover but not sufficient to allow normal function to con- 
tinue. Following a lateral anastomosis his patient made a complete recovery. 
Similar cases were previously reported by Councilman,* Reich,’* and B. B. 
Davis* in connection with mesenteric vascular occlusion. Raw‘ used the term 
‘‘physiological stricture’’ to describe the interference with the peristaltic wave 
as it reaches the recent site of strangulation and he presented a ease history to 
illustrate this condition. 

Stenosis of the Involved Loop.—In all of the animals examined after 7 days 
there was a variable degree of thickening of the bowel wall and narrowing of 
the lumen in the replaced loop. Stenosis or stricture, with or without intestinal 
obstruction, following the replacement of a loop of questionable viability in the 
human being has been reported many times. Barry’ recently reported 3 cases 
and Raw" 3 others. Grisell* reported a case of stenosis following the revival 
of a borderline segment of bowel by a vasodilating drug. Other cases have been 
known since the eighteenth century, according to Raw. Garré,’ in 1892, 
deseribed a case which stimulated great interest in this condition, and since that 
time the condition has been known in Germany as ‘‘the intestinal stenosis of 
Garré.’’ The condition has been reproduced in animals by Wangensteen,?? who 
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devascularized a 15 inch segment of bowel in the dog and wrapped omentum 
around it. The result after 72 days was a marked stenosis of the segment. 

Constriction Rings.—In 2 instances the involved loop itself was not appre- 
ciably narrowed, though its walls were thickened. In these animals, however, 
there was a marked constriction ring at the sites of the occlusive band. Thomp- 
son*' reported a case of advanced intestinal obstruction in a patient whom he 
saw 12 weeks after an operation for strangulated hernia. Operation revealed 
a loop of bowel containing 2 fibrous strictures which represented the constric- 
tion rings of the original strangulated hernia. 

Plastic Adhesive Peritonitis—In all of our animals there was a massive 
formation of adhesions between neighboring loops and the involved area. In 
several instances the kinking of either the involved loop or adherent loops was 
so marked that varying degrees of obstruction were present proximal to this 
area. The 2 mortalities in our series were due to this type of secondary ob- 
struction. Many eases of secondary obstruction due to plastic adhesions fol- 
lowing the reduction of a hernia have been reported. Barry! hag labelled this 
type of late intestinal obstruction the extrinsic type, in which only the serous 
layer is involved as a result of plastic peritonitis, in contradistinection to the 
intrinsic type which is due to the fibrous stenosis previously described. 

Intussusception.—In 3 of our animals there was a partial intussusception 
of the involved segment distally. It is known that the intestine of the dog is 
more prone to intussusception than is that of the human being. Nonetheless, 
the fact that it occurred indicates that intussusception is a potential source of 
secondary complicaions. In one of our previous reports'® we observed 2 instances 
in which viable bowel was returned to the abdomen only to have the animals 
die several days later of stranguiated intussusception of the involved segment. 
We know of no report of this condition occurring in the human being after 


strangulation. 


TABLE I, REPLACEMENT OF STRANGULATED INTESTINAL LOOPS IN ANIMALS TREATED WITH 
MASSIVE PENICILLIN THERAPY 








| DURATION OF 
VENOUS-TYPE 
STRANGULA- 

TION OF 6 TO 8 





DOG IN. OF ILEUM 
NUMBER* ( HOURS) DISPOSITION FINDINGS 
11 5 Sacrificed 35 days Mild stenosis; constriction rings; adhesions 
12 6 Sacrificed 6 days Hard dry fecal impaction in lumen of in- 
volved loop 
13 4% Sacrificed 7 days Mild adhesions; partial intussusception 
14 5 Sacrificed 21 days Severe adhesions; incomplete obstruction; 
partial intussusception 
15 4% Sacrificed 42 days Mild stenosis; marked adhesions 
16 4 Died 15 days P.O. Severe adhesions; secondary obstruction 
17 5% Sacrificed 35 days Thickened walls; constriction rings; ad- 
hesions 
18 6 Sacrificed 28 days Severe stenosis with thickened bowel wall; 
adhesions 
‘ 5 Died 19 days P.O. Severe adhesions; secondary obstruction 
20 5% Sacrificed 14 days Mild stenosis; moderate adhesions; partial 


intussusception 





*Ten control dogs not treated with penicillin; all died within 72 hours (see text). 








Volume 28 PENICILLIN THERAPY IN STRANGULATED INTESTINE 


Number 


DISCUSSION 


Our experiments indicate that massive penicillin therapy widens the margin 
of safety when a strangulated loop is returned to the abdominal cavity. How- 
ever, the experiments also suggest that dependence upon antibiotics in extremely 
borderline cases may result in a high percentage of poststrangulation compli- 
cations which are commensurate with the degree of tissue destruction. 

Despite the unquestionable value of massive antibiotic therapy in stran- 
gulation obstruction, a loop of bowel which does not respond to resuscitative 
measures should probably not be replaced. We have found that there is a stage 
in the process of hemorrhagic infarction during which the bowel no longer 
responds to resuscitative measures, and is, therefore, declared ‘‘nonviable,’’ 
but in which stage the cells of the mural structures have not yet undergone 
irreversible damage. Beyond this stage antibiotics cannot be expected to be 
of predictable value. Since it is almost impossible to delineate this stage clinic- 
ally from frank infarction, it is undoubtedly more advisable to resect such a 
segment rather than depend upon the antibiotics. Penicillin will not revive 
gangrenous tissue. 

The incidence of complications previously reported in the literature fol- 
lowing the replacement of strangulated loops in human beings is quite low. 
Most of these cases were reported before the advent of antibiotics and very 
few borderline cases, treated without resection, survived. Thus, the incidence 
of poststrangulation complications as we have described them was also quite 
rare. 

The control of the destructive influence of the bacterial factor in stran- 
gulation obstruction may occur in one of several ways. (1) Upon release of a 
strangulation, if the diminished blood supply is sufficient to oxygenate the tissues, 
and the bacterial invasion has not been overwhelming, recovery may be spon- 
taneous. (2) The blood supply to an involved segment after release of a stran- 
gulation may be improved by releasing residual spasm in the vessels of the 
segment by resuscitative measures. (3) Control of the bacterial invasion itself 
may be accomplished within certain limits by antibiotics. The bacterial and 
circulatory factors are interdependent. If the bacterial invasion is controlled, 
recovery must of necessity depend upon the degree of destruction. The greater 
the destruction of tissue the longer is the pathway to recovery. If antibiotics 
are depended upon to bring about recovery of tissues which have undergone 
an extreme degree of destruction, the functional capacity of the organ will be 
impaired accordingly. Our experiments indicate that such impairment of 
function in the intestine might lead to dire consequences. 

The usual type of venous strangulation results in the stages of venous 
engorgement, hemorrhagic infiltration of tissue, spasm of arteries, thrombosis 
of vessels, and actual necrosis. Necrosis of mucosa may result in sloughs of 
considerable size. These areas may be completely restored eventually due to the 
remarkable regenerative power of the mucosa. If destruction is severe enough, 
healing by scar tissue takes place. It would appear from the examination of 
our material that the greater the blood extravasation into the tissues of the 
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intestinal wall the more severe is the fibrous thickening. This oceurs mainly in 
the submucosal layer. When antibiotics are used they reach the intestinal! 
tissues by way of diminished blood supply, but are able under certain circum. 
stances to limit bacterial invasion sufficiently to interrupt the process of de- 
struction and maintain anatomic integrity of the intestinal wall until adequate 
blood supply can be obtained to promote healing. The ill effects of the healing 
process appear to be directly related to the degree of destruction wrought )) 
the extravasation of blood cells, the anoxia, and the bacterial invasion. 


SUMMARY 


Massive doses of penicillin will apparently widen the margin of safety in 
the replacement of strangulated intestinal loops of questionable viability. Anti- 
biotics can be depended upon only if frank death of tissue has not occurred. 
The high percentage of complications resulting from the borderline survival 
of greatly damaged intestinal tissue is the most important drawback to the 
replacement of such loops even when penicillin is used. We feel, therefore, that 
released strangulated loops of highly questionable viability should still be 
resected if the surgeon is at all concerned about the recoverability of the tissue. 
Some of the factors involved in the eventual recovery of strangulated intestine 


are described. 
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(From the Laboratory for Bacteriological Research of the Department of Surgery, Columbia 


TAPHYLOCOCCIC meningitis is relatively uncommon. In the literature, 
with the exception of single case reports, it is usually included under the 
title of purulent or septic meningitis. The most frequent causative organisms, 
in the order listed by Neal in 1924 in a review of 1,535 eases, are: meningococcus, 
pneumococcus, streptococcus, Haemophilus influenzac, staphylococeus, and Bactl- 


lus coli. 


Prior to the discovery of the sulfonamides and penicillin, staphylococcic 
meningitis was usually a fatal disease. Rare instances of recovery were reported. 
A review of the old textbooks reveals that the following statements have been 
made with regard to this disease. Griffith mentioned that in patients with 
staphylocoecie meningitis the illness runs 
is almost entirely unfavorable. 
staphylococcie meningitis, treatment is essentially symptomatic and invariably 
’S Neal, in Tice’s Practice of Medicine, concluded that, ‘‘The prognosis 
of cases of purulent meningitis due to organisms other than the meningococcus 
is bad but not absolutely hopeless.’’* Grinker stated that ‘‘The majority of 
cases die after a period of days or weeks. We hear of occasional complete 
recoveries, but most of these are of doubtful authenticity.’’ He wrote that the 


useless. 


survivals had possibly been patients with cases of serous meningitis, of meningeal! 
irritation, or of a localized form of purulent meningitis which is amenable to 
surgical treatment after the deposits of pus have been thoroughly evacuated.’ 
Ballenger, in 1930, reported one instance of recovery and stated that the major- 
itv of the survival cases recorded in the literature were of the localized type.° 
Schless, in 1932, after a review of the literature, summarized that generalized 
or disseminated staphylocoecic meningitis of hematogenous origin with distinct 
spinal fluid responses of a positive culture of Staphylococcus aureus is invariably 
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Staphylococeus was found in only eleven eases in this series.’ 


ee 


a short course and the prognosis 
Porter and Carter remarked that, ‘‘In 
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fatal, and ‘‘No recovery has been reported.’ In this paper, however, he pre- 


sented one case of survival. 

Since staphylococcic meningitis is rare, individual experience with this 
disease is limited. Sporadically, more or less as a curiosity, a recovery has been 
described in the literature. Few fatal cases were reported because it seemed 
to be taken for granted that death was the expected outcome. In 1943, MacNeal 
and associates entitled their article ‘‘Staphylococeic Meningitis From Hip- 
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poerates to LeGendre and Beaussenat: A Mortal Disease.’’® They also reported 
in another article the largest personal series of staphylococcie meningitis cases 
recorded in the medical literature.’ In ten years’ time, they successfully treated 
eleven patients with bacteriophage, but they, too, reported only recoveries and 
neglected to mention how many failed to respond to bacteriophage. From 1897 
to 1912, a period of sixteen years, fifty-seven patients with septic meningitis 
were treated by Day. Three patients recovered. In this series, his two patients 
with staphylococcic meningitis failed to recover.*° In 1924, Dandy in his article 
on the treatment of staphylococcic and streptococcic meningitis made a rough 
estimate of the mortality rate of all types of septic meningitis and said, ‘‘ At 
best, the mortality of all varieties of septic meningitis is excessively high. It 
will surely run wel] over 90 per cent and in many forms will probably be over 
95 per cent.’’* There are no more exact figures of the mortality rate from 
staphylococcic meningitis either before or since the era of chemotherapy. 


THE PORTAL OF ENTRY FOR THE ORGANISMS 


Bacteria may reach the meninges by three major routes, namely, (a) by 
way of the arterial blood; (b) by way of the adjacent tissues, which include 
an infected middle ear or mastoid, an infected paranasal sinus, a septic throm- 
bosed blood sinus of the dura, osteomyelitis of the skull or spine, an epidural 
or intracerebral or intracerebellar abscess; (¢c) by direct implantation, as in 
compound fracture of the skull or contamination during an operation on the 
central nervous system. There can be no doubt that the most frequent route 
is by direct implantation of the organisms in the subarachnoid space in com- 
pound fractures of the cranium. In extremely rare cases, meningitis may 
follow an infected congenital sacral sinus'* or a meningocele. 

The cerebrospinal fluid is almost defenseless against infection. It contains 
a minimal amount of any kind of bacterial antibody, but has enough protein 
and carbohydrate for the growth of the bacteria. Once the infection reaches 
the subarachnoid space, it is rapidly spread through the cerebrospinal fluid. 
For this reason, septic meningitis of hematogenous origin is more fatal than 
that which spreads from infected adjacent tissues. In the latter, it is possible 
for adhesions to be laid down inside of the dura before infection has eroded 
through. After infection has spread over the surface of the brain, the cortex 
is exposed to the bacterial toxin which poisons the delicate nerve cells, and this 
probably accounts for the acuteness and seriousness of the disease. 


TREATMENT 


The old methods of treating purulent meningitis before the discovery of 
the sulfonamides and the antibiotics are of interest. The following gives a 
brief historical review of the treatment of the disease. 

Surgical Treatment.—It is probable that the surgeons have more of an 
opportunity to observe staphylocoecic or streptococcic meningitis than do the 
internists, because these infections often follow a compound fracture of the 
skull, a brain abscess, or contamination of operations on the central nervous 
system, or are secondary to an infected middle ear, mastoid, sinus, or some 
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other head organ. Meningitis has been considered by some surgeons to be an 
encased abscess of the cerebrospinal space, therefore, ipso fucto, demanding 
open drainage. 

Percivall Pott in 1760 first recognized the ‘‘putrefaction of the membranes’ 
following skull fracture, one full century before the knowledge of bacterial! 
infection. He considered this as a grave condition and strongly advocated the 
routine exposure and drainage of all fracture wounds of the skull as a pre- 
ventive measure.'* Nevertheless, his teaching was rarely followed. The name 
meningitis was introduced in the literature by Herpin in 1803.'* It was not 
until 1873 that Gross, after experience in treating wounds of the head during 
the American Civil War, strongly stated that the ‘‘necessity for operation is 
not to be questioned.’’® Galippe,'® in 1889, seems to have been the first to 
demonstrate that the staphylococcus is one of the causative agents of meningitis. 

When the bacterial origin of infection became known, Victor Horsley, in 
1890, reported two cases of septic meningitis; he had treated these patients 
surgically.'* Considering the infected subarachnoid space an encased abscess, 
he applied the principle of drainage to the cerebrospinal space. He treated one 
of his patients by continuous drainage of the spinal canal after laminectomy 
and the other by cisterna magna-lumbar spinal irrigation with his favorite 
antiseptic, bichloride of mereury. His two patients did not survive. He de- 
scribed his treatment in the following words: ‘‘I have put down septie menin- 
gitis as a condition which might be improved by operation, such as free drainage 
and irrigation with warm disinfectants. I do not, however, believe that this 
course will always successfully rescue otherwise hopeless cases. In fact, I have 
operated twice, once by way of exploration and once deliberately, but in both 
the moribund patients succumbed, after temporary though marked remission 
of their symptoms.’’ He suggested using the same procedure in tuberculous 
meningitis. He hoped ‘‘that the good results obtained in tubercular peritonitis 
by draining the peritoneal cavity might not improbably be secured in menin- 
gitis, if trephining were similarly resorted to,’’ but he did not have the oppor- 
tunity to try this method. 

Haynes, in 1912, in his article on the surgical treatment of septe menin- 
gitis, definitely stated that ‘‘Septic conditions are usually surgical opportunities 
and demand surgical treatment.’’'*® He widened the foramen magnum by 
partial removal of the occipital bone to secure a drainage from the cisterna 
magna, One year later, Day’® tried this same method, modified, in eight cases 
of septic meningitis, and Dench?° used it on three patients, but without success. 
Day ended his report with these words, ‘‘Despite the none too encouraging 
result of the past, the curative treatment of otitic meningitis is only a matter 
of time. Just as in aviation, the course will be marked by a long line of failures 
and many fatalities before success is achieved.’”!® 

In 1924, Dandy reviewed the surgical treatment of septic meningitis and 
listed three types of procedures: (a) intermittent drainage by repeated lumbar 
punctures; (b) continuous drainage from the spinal canal, cisterna magna, 
pontine cisterna, lateral ventricles, or the subarachnoid space in the parietal 
region; (¢) irrigations of the subarachnoid space by bland or antiseptic solu- 
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tions. Dandy modified the Haynes operation by the insertion of the funnel 
end of a catheter into the cisterna magna for drainage. He tried it in one case 
of staphylocoecic meningitis and the patient survived. He thought that this 
drainage would probably work better in staphylococcic and streptococcic menin- 
gitis than in the pneumococcie type. Thus, he wrote, ‘‘I have restricted the 
application of cisternal drainage to staphylococcus and streptococcus infections 
in which the cerebrospinal fluid is not sufficiently altered in consistency to 
militate against drainage.’’'' From 1893 to 1938 twenty cases were reported 
as cured by drainage of the cerebrospinal fluid.”' 

Solutions and antiseptics used with the surgical treatment of meningitis, 
either by way of lumbar puncture or to irrigate the cerebrospinal space, have 
been bichloride of mereury,'* Lysol,?* and protargol,?* 74 as well as plain normal 
saline solution. Other drugs and dyes that have been injected into the spinal 
canal or ventricle are colloid tin,”> Urotropin,’® oxyeyanide of mereury,'® and 
methylrosanilin (gentian violet).2° As a result of this kind of treatment, only 
one case of staphylococcic meningitis was reported as cured, and that by the 
intraventricular injection of gentian violet.”® 

Treatment With Staphylococcus Vaccine.—Lortat-Jaecob and Grivot, in 
1920, reported the use of staphylococeal vaccine in addition to drainage of the 
subarachnoid space by repeated lumbar puncture, but the role played by the 
vaccine is doubtful.?’ 

Treatment With Staphylococcus Bacteriophage.—Schless, in 1932,* Dunlop, 
in 1935,?8 Frank, in 1936,?° and MacNeal and co-workers, in 1943,° all described 
the use of bacteriophage in the treatment of the staphylococcal type of cerebro- 
spinal fever. The latter authors reported eleven cases of recovery, seven of 
generalized and four of localized staphylocoecciec meningitis. 

Treatment With the Sulfonamides.—When sulfanilamide, sulfathiazole, and 
sulfadiazine were used as therapeutie agents, the situation began to brighten 
still further. Up to July of 1948 at least fifteen cases of recovery were added 
to the literature?! (Table 1). However, the application of the sulfonamides to 
the central nervous system was found to be unsafe. Pilcher demonstrated that 
sulfanilamide, sulfathiazole, and sulfadiazine were all invariably irritating.*° 
These drugs produced marked irritative and destructive effects in the brain 
tissue and its coverings. Acute leptomeningitis, meningeal fibrosis, subcortical 
bleeding, gliosis, microglial metamorphosis, and the degeneration of neurones 
were the most striking changes. Of these, sulfathiazole caused the most and 
sulfanilamide the least irritation. However, sulfanilamide is seldom effective 
against staphylococci. In spite of their injury to the central nervous system 
and the now extensive use of penicillin, the sulfonamides are still occasionally 
resorted to in the treatment of patients with staphylococcie meningitis, par- 
ticularly when the causative strain is resistant to penicillin. 

Treatment With Penicillin—Since penicillin has become available, the 
Situation has greatly improved. A greater number of recoveries have been 
recorded (see Table I). At this point we would like to consider the possible 
routes by which penicillin may be administered in the treatment of staphylo- 
ecoecie meningitis. 











520 


TABLE I. 


TENG AND MELENEY 


1941 To 1948 





Surger 
September, 195 


CASES oF RECOVERY FROM STAPHYLOCOCCIC MENINGITIS REPORTED FROM 








YEAR 


AUTHOR 
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~ 1941 


1941 


1941 


1941 


1941 


1942 
1942 
1942 


1943 


1943 


1943 


1943 


1943 


1943 


1943 


1943 


1944 


1944 


1944 


Roberts5° 


Hoyne5! 


Hoyne5! 


Hoyne5! 


Hoyne51 


Peters, et al.52 


MeCune53 


Huber and Nou- 


vail54 
Aversa55 


MacNeal, et 


MaeNeal, et 


MaeNeal, 


MacNeal, 


MacNeal, 


MacNeal, 


Tolansé 


Brash57 


Evans58 


Evans58 


— 


— 


~ 


al.9 


al.9 


al.9 


al.9 


al.9 


al.9 


Ventricular fluid, 25,000 
cells; 
spinal fluid, 13,000 cells; 
Haemophilus influenzae 
and Staph. aureus 

Spinal fluid, 750 cells 
Staphylococcus albus in 
cerebrospinal fluid and 
blood cultures 

Spinal fluid, 120 cells 
Staph. albus in cerebro- 
spinal fluid and blood 
cultures 

Spinal fluid, 2,500 cells 
hemolytic Staph. aureus 
in cerebrospinal fluid and 
blood cultures 

Spinal fluid, 730 cells 
Staph. albus in cerebro- 
spinal fluid and blood 
cultures 

Spinal fluid, 3,444 cells 
Staph. aureus 

Spinal fluid, 1,233 cells 
Staph. aureus 

Spinal fluid, 5,000 cells 
Staph. aureus 

Spinal fluid, 456 cells 
Staph. aureus 


Spinal fluid, 1,600 cells 
Staph. aureus nonhemo- 
lytic 

Spinal fluid, 598 cells 
Staph. aureus 

Staphylococcus citreus and 
Staph. albus both in 
cerebrospinal fluid and 
blood cultures 

Spinal fluid, 2,875 cells 
Staph. aureus in cerebro- 
spinal fluid and blood 
cultures 

Spinal fluid, 6,000 cells 
Staph. aureus 

Staph. aureus in blood and 
cerebrospinal fluid cul- 
tures 

Spinal fluid, 8,900 cells 
Staphylococcus hemo- 
lyticus 

Spinal fluid, thick pus 
Staph. aureus 

Staph. aureus 


Spinal fluid, 4,100 cells 
Staph. aureus 


Sulfadiazine and sulfa- 
thiazole 


Staphylococcus antitoxin 
and sulfanilamide 


Sulfanilamide 


Sulfanilamide 


Sulfathiazole 


Sulfadiazine 
Otitis media; sulfadiazine 


War wound of skull; sulfa 
thiazole 

Cavernous sinus thrombo- 
sis; sulfapyridine and 
sulfathiazole 

Fracture of skull; bac- 
teriophage 


Infected craniotomy 
wound; bacteriophage 
Bacteriophage 


After pneumonia; bacterio- 
phage 


Infected craniotomy 
wound; bacteriophage 
Cavernous sinus thrombo- 

sis; Azosulfamide and 
bacteriophage 
Mastoiditis; sulfadiazine 


Sulfadiazine and sulfa- 
thiazole 

Infected laminectomy 
wound; penicillin, 5,000 
units by intrathecal in- 
jection 

Frontal sinusitis, brain ab- 

scess; penicillin, intra- 

thecal and into abscess 

cavity 
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AUTHOR 


CEREBROSPINAL FLUID, 
CULTURES, AND CELL COUNT 
(WHEN KNOWN) 


SOURCE OF INFECTION 
(WHEN KNOWN) 
AND TREATMENT 





McCune and 
Evans59 
McCollums6e 


Worthé1 


Johnson and 
Walker4° 


Gaumond and 
Grandbois62 


Amyot63 


Clemensé64 


Erickson, et al.37 
Naffziger, et al.65 
Hjertaas®6 


Wyke and Van- 
derfield 67 


Hall, et al.68 
Hall, et al.68 


Miller and Delo- 
hery69 


Hoyne and 
Brown?7° 


Hoyne and 
Brown?7° 
Hoyne and 
Brown?7° 
Hoyne and 
Brown70 
Hoyne and 
Brown70 
Hoyne and 
Brown?70 
Hoyne and 
Brown7° 


Spinal fluid, 23,750 cells 
Staph. aureus 

Spinal fluid, 5,600 cells 
Staph. aureus 

Spinal fluid, 12,000 cells 
Staph. aureus 

Staph. albus in ventricular 
fluid 


Spinal fluid, 940 cells 
Staph. aureus, nonhemo- 
lytic both in blood and 
cerebrospinal cultures 

Spinal fluid, purulent 
Staph. aureus 


Spinal fluid, 952 cells 
Staph. albus hemolytic in 
blood and_ cerebrospinal 
fluid cultures 

No detail 
Staph. aurcus 

No detail 
Staph. aureus 

No detail 
Staph. aureus 

Spinal fluid, 1,100 cells 
Staph. aureus 


No detail 
Staphylococcus 

No detail 
Staphylococcus 

Spinal fluid, 7,400 cells 
Ventricular fluid, 1,780 
cells 
Staph. aureus hemolytic 


Spinal fluid, 1.200 cells 
Staph. aureus hemolytic 
in cerebrospinal fluid and 
blood cultures 

No detail 
Staph. aureus 

No detail 
Staph. aureus 

No detail 
Staph. albus 

No detail 
Staph. aureus 

No detail 
Staph. aureus 

No detail 
Staph. aureus hemolytic 
in blood and cerebro- 
spinal fluid cultures 


Fracture of base of skull; 
penicillin, intrathecal 

Otitis media; penicillin, in- 
trathecal 

Osteomyelitis of spine; 
penicillin, intracisternal 

Otitis media; penicillin by 
intraventricular injec- 
tions, 15,000 to 50,000 
units 

Cellulitis of face, cavern- 
ous sinus thrombosis; 
penicillin, intrathecal 


Cellulitis, lumbo-abdominal 
region; penicillin, intra- 
thecal 

Hematogenous; sulfadia- 
zine and sulfathiazole 


Cerebral abscess; penicillin 


Infected laminectomy 
wound; penicillin 

Fracture of skull; peni- 
eillin 

Otitis media, cerebral ab- 
seess; penicillin by intra 
ventricular injection 

Hematogenous (?): peni- 
cillin and sulfadiazine 

Penicillin and sulfadiazine 


Gunshot wound of head; 
penicillin, 30,000 units 
intrathecally, 50,000 to 
100,000 units by intra- 
ventricular injection 

Abrasion wound of scalp; 
sulfathiazole by mouth, 
penicillin intramuscularly 


Sulfadiazine 
Sulfadiazine 


Penicillin intramuscularly 
and sulfonamide 

Penicillin intramuscularly 
and sulfonamide 

Penicillin intramuscularly 
and sulfonamide 

Penicillin intramuscularly 
and intrathecally, sulfon- 
amide 
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CEREBROSPINAL FLUID, SOURCE OF INFECTION _ 





| 
CULTURES, AND CELL COUNT (WHEN KNOWN) 
YEAR | AUTHOR (WHEN KNOWN) | AND TREATMENT 
1949 Teng and Meleney Ventricular cerebrospinal Compound fracture; peni-— 
fluid culture; hemolytic cillin intramuscularly 
Staph. aureus and intraventricularly 
and sulfadiazine failed ; 
bacitracin intraven- 
tricularly and intra- 
muscularly successful 
1949 Teng and Meleney Spinal fluid, 1,500 cells, co- Postoperative for tumor; 
agulase-positive staphylo- penicillin, streptomycin, 
eoccus in lumbar cerebro- and sulfonamides failed; 
spinal fluid and subdural drainage of abscess with 
abscess bacitracin locally, intra 
thecally, and intramus- 
cularly successful 
1949 Teng and Meleney Staph. albus in subdural Postoperative topectomy ; 
abscess penicillin failed; baci- 
tracin locally and intra 
muscularly successful 
1949 Teng and Meleney Spinal fluid, 7,300 cells, Hematogenous (?); no re 
coagulase-positive hemo- sponse to intramuscular 
lytic Staph. aureus in and intrathecal penicillin 
cerebrospinal fluid or streptomycin or to 
sulfadiazine or aureo- 
mycin; bacitracin intra 
thecally and intramus- 
cularly successful 
1949 Teng and Meleney Spinal fluid, 32,000 cells, Hematogenous; penicillin 
hemolytic Staph. aureus intramuscularly and 
in cerebrospinal fluid intraventricularly and 


sulfadiazine failed; baci 
tracin intrathecally and 
intraventricularly suc- 
cessful 





1. Intravenous or Intramuscular Injection. Neither the intravenous nor 
the intramuscular injection of penicillin can reach the cerebrospinal fluid in 
significant concentration,*" *? even in the presence of meningitis.*® Schwemlein 
and his associates demonstrated that by continuous intravenous drip of 10 to 
25 million units of penicillin for twenty-four hours in 162 patients with normal 
meninges, 0.03 to 0.21 unit of the drug was found per e.c. in the spinal fluid." 
However, these levels were not considered high enough to control staphylococcic 
meningitis. 

2. Intrathecal Injection. This is the effective route of instilling penicillin 
in the treatment of meningitis, but it is necessary for the dosage to be carefully 
adjusted. Walker and Johnson demonstrated in the monkey that 20,000 units 
injected into the lumbar subarachnoid space induced epileptic attacks, coma, 
and death within twelve hours.** In man, this dosage of penicillin by intra- 
thecal injection ean be well tolerated, but Walker and Johnson have reported 
that 100,000 units of penicillin injected intratheeally in 5 ¢.ec. of saline solution 
‘aused retention of urine, paresthesia, and unsteady gait in a man.*® Repeated 
doses of smaller amounts have frequently caused radiculitis, arachnoiditis, 
paralysis, and paraplegia.*°-** 
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3. Intracisternal Injection. When there is an obstruction or a block in 
the spinal subarachnoid space, penicillin may be given by the intracisternal 
route, but the dosage should be even more cautiously determined. In the mon- 
key, 10,000 units given by way of the cisterna magna are enough to produce a 
fatal epileptic convulsion.** In man, Neymann has found that intracisternal 
injection of 30,000 to 50,000 units of penicillin may induce a status epilepticus 
with a fatal outcome. He reported two deaths by the injection of 50,000 units 
of penicillin into the cisterna magna.*® A dose larger than 10,000 units is not 
advisable for intracisternal injection. 

4. Intraventricular Injection. With ventriculitis and a block of the out- 
flow of the cerebrospinal fluid, penicillin may be instilled directly into the 
ventricle. The space of the ventricles is not large, the site is more sensitive, 
and should there be a block in the outflow, a smaller dose of less than 5,000 
units tends to remain in the ventricle and maintain an effective level longer 
than that with a patent outlet. Johnson and Walker warned against the dangers 
of intraventricular administration of penicillin.*? They injected 50,000 units 
of penicillin in 5 ¢.c. of isotonic saline solution into the lateral ventricle of a 
boy 22 months of age and produced unconsciousness, a state of collapse, and 
frequent paroxysmal generalized clonic spasms. However, later injections of 
15,000 units in the same patient were tolerated and the patient survived. 


COLLECTION OF SURVIVAL CASES OF STAPHYLOCOCCIC MENINGITIS 


MacNeal, Frisbee, and Blevins collected forty-eight cases of proved staphylo- 


coccic meningitis from 1893 through 1941; all of these patients recovered from 
this usually fatal disease.21 We have found forty additional cases recorded in 
the medical literature from 1941 to June 30, 1948 (see Table I). It is possible 
that all of the eases reported during this seven and one-half year period have 
not been included, but this gives us a total of at least eighty-eight recoveries. 
For about one-half a century before the use of the sulfonamides and penicillin, 
there were only thirty-nine instances of survival recorded. With the use of 
the sulfonamides and penicillin, in a little more than a decade, forty-nine cases 
were reported as cured. The difference is striking and the results are encour- 
aging, but it is obvious that these newer remedies have frequently failed to 
cure staphylococcic meningitis, so that we cannot be entirely satisfied with the 
results so far reported. Not only is the action of the sulfonamides limited 
against staphylococci, but these drugs have a marked toxic effect on the central 
nervous system. Toxic effects also limit the dosage of penicillin, and as time 
goes on there are an increasing number of staphylococcal strains which are 
found to be resistant to penicillin, and in these cases penicillin therapy is in- 
effective. However, these resistant strains of staphylococci have often been 
found to be susceptible to the newer antibiotic, bacitracin.*’ 

In this paper we will present the results of treatment with bacitracin in 
five consecutive cases of staphylococcic meningitis which had not responded to 
penicillin treatment. This will bring the number of reported survivals to at 


least ninety-three. 
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BACITRACIN TREATMENT OF STAPHYLOCOCCIC MENINGITIS 


As is the ease with penicillin, both in normal animals and in patients afte) 
parenteral injection, only a trace of bacitracin can be found in the cerebrospina! 
fluid.*? ** In the presence of staphylococcie meningitis in dogs, by intramusculai 
injection of 10,000 units a much higher concentration of bacitracin could be 
found in the cerebrospinal fluid. Nevertheless, by intramuscular injection alone 
we could not save any of our experimental animals.** 

Intracisternal injection of 10,000 units of bacitracin in 3 ¢.c. of normal 
saline solution in dogs of 10 kg. of body weight produced no ill effects except 
for transient neck rigidity, pleocytosis, and an elevation of body temperature 
of 1° to 2° F. The subarachnoidal deposition was rapidly excreted in the urine, 
but twelve hours after the intracisternal injection of 10,000 units, a concen- 
tration of 1 unit per cubie centimeter could still be demonstrated in the cere- 
brospinal fluid.‘ The intraventricular injection of 5,000 units of bacitracin 
in 0.5 ¢.. of physiologic saline solution in cats of from 2.5 to 3.0 kg. of body 
weight is epileptogenic, but it does not kill the animals and recovery is prompt 
and complete. Under intravenous Nembutal anesthesia the injection of the 
same amount of bacitracin produced no convulsions.** Five thousand units of 
bacitracin in powder form, when applied to the cortex of the animal’s brain, 
has produced no convulsions.** A similar dosage of penicillin, when applied 
to or injected into the cortex, regularly produces status epilepticus in cats and 
monkeys.*® 

In our experiments with hemolytic Staph. aureus meningitis in dogs, the 
intracisternal injection of 5,000 to 10,000 units of bacitracin in 3 to 4 e.e. of 
normal saline solution one to five and one-half hours after the inoculation of 
approximately 500 million organisms by the same route, saved 75 per cent of 
the meningitie animals. Animals treated within three hours after the bacterial 
inoculation all survived. All control animals died, including two animals in 
moribund condition which were killed to prevent their further distress. Death 
usually oceurred within six and one-half hours after the intracisternal injection 
of the organisms.** On the basis of these experiments we felt justified in using 
bacitracin in the treatment of human meningitis by intrathecal and intra- 
ventricular as well as by intramuscular injections. 

Among the 270 patients with extensive infection treated with bacitracin 
systemically by intramuscular injection, as recently reported in Surgery, Gyne- 
cology and Obstetrics, there were four with staphylococcal meningitis.*7 One 
of these cases was briefly summarized in that report, but the whole group 
deserves more detailed description and serves as the basis for this report to- 
gether with a patient more recently treated. In adult patients, we found that 
5,000 to 10,000 units of bacitracin in 3 to 5 ¢.e. of normal saline solution could 
be injected intrathecally once or twice a day for five to ten days with no un- 
toward effects. Also 3,000 to 10,000 units in 10 ¢.c. of normal saline solution, 
injected into the lateral ventricle at twelve-hour intervals, were well tolerated. 
Furthermore, no ill effects were produced when 5,000 to 10,000 units in 10 e.c. 
of normal saline solution were applied to a freshly cut cortical surface measur- 
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ing approximately 6 by 4 by 2.5 em. in each hemisphere, as a prophylactic meas- 
ure in cases of topectomies of areas 9 and 10.*4 

Blood serum, pus, or penicillinase produced by gram-negative microorgan- 
isms do not inhibit the action of bacitracin.4® No substance similar to peni- 
cillinase has yet been found which inactivates bacitracin, and hypersensitivity 
to this antibiotic is extremely rare.*7 However, it must be pointed out that 
some strains of staphylococci are not susceptible to bacitracin. 

Certain of the earlier lots of bacitracin manufactured by the deep tank 
method were found to be irritating to the kidneys following intramuscular injec- 
tion, but this aspect is minimal with the material most recently manufactured 
and which is now available. Furthermore, this characteristic of bacitracin in 
its present state has no deleterious effect on brain tissue.** * 


CASE REPORTS 


CasE 1.—G. L. (Bacitracin Study No. 2011), a man 65 years of age, was admitted to 
the Cincinnati General Hospital on April 15, 1948, and was discharged July 22, 1948. 
The patient was admitted to the hospital in a stuporous condition. Physical examination 
revealed a fracture of the base of the skull and a cerebral contusion with an obvious acute 
and chronic alcoholism. The patient was unconscious, but showed signs of meningeal irrita- 
tion. He was first treated with sulfadiazine, but remained in a comatose state for ten 
days. Then a trephination of the skull was performed and a positive culture of hemolytic 
Staph. aureus was isolated from the cerebrospinal fluid. Penicillin was then added to the 
treatment by intramuscular injection, and 25,000 units were instilled into each lateral 
ventricle by ventricular taps daily for four days. In spite of the combined therapy, the 
patient continued to run a febrile course with positive cerebrospinal fluid cultures. His 
course continued stormy with elevated temperature and pulse rate. The staphylococcus 
was found to be resistant to penicillin but susceptible to bacitracin. Therefore all other 
treatments were stopped and bacitracin was given by an intraventricular injection of 
5,000 units dissolved in 4 ¢.c. of cerebrospinal fluid and 1 c.c. of distilled water, supple- 
mented by 25,000 units intramuscularly every four hours. The administration of bacitracin 
was followed by a moderate rise of body temperature, ranging from 101° to 102° F. and 
lasting for five days. However, after the start of bacitracin therapy, repeated cerebro- 
spinal fluid cultures were negative. Five days after the initiation of bacitracin, the pa- 
tient slowly recovered consciousness. He first showed a response to painful stimuli and 
then began taking food by mouth. During the course of treatment he received a daily 
intraventricular injection of 5,000 units of bacitracin for six days and intramuscular in- 
jection of 25,000 units every four hours for eight days. Eight days after the cessation of 
bacitracin therapy there was no evidence of meningeal infection, and the patient’s 
lowered mental status, the result of the infection and the cerebral contusion, thereafter 
slowly but steadily improved. 


This case illustrates the development of a Staph. aureus meningitis fol- 
lowing a compound fracture of the skull, in spite of eleven days of prophylactic 
treatment with sulfadiazine. Penicillin was then called upon to supplement the 
treatment. It was given in large doses, both by intramuscular and intra- 
ventricular routes, but it could neither change the clinical course nor sterilize 
the cerebrospinal fluid, for the organism was resistant to penicillin. However, 
a test of sensitivity to bacitracin showed the organism to be susceptible to that 
antibiotic. The infection promptly came under control when bacitracin was 
employed by the intramuscular and intraventricular routes. The latter pro- 
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cedure rapidly cleared the cerebrospinal fluid, as indicated by repeated negativ: 
cultures. The immediate rise of body temperature following the intraventricula: 
administration might be interpreted as a reaction to the bacitracin, but th 
febrile reaction was in no way detrimental. In this ease, it seems obvious that 
bacitracin saved the patient’s life. 


CASE 2.—F. B. (Bacitracin Study No. 1107), 56 years of age, was admitted to the 
Montreal Neurological Institute on Dee. 20, 1948, and was discharged March 5, 1949. 
Four days after the patient was admitted to the hospital a right-sided craniotomy was 
done for tumor. Seven days later, the wound showed evidence of infection with swelling, 
tenderness, and draining exudate. The neck became rigid and the temperature rose to 
103° F. The cerebrospinal fluid showed 1,500 white blood cells. The bone flap was then 
removed, On this day the patient was given systemic penicillin and triple sulfonamides. 
These were continued for nineteen days without obvious effect. Five days later strepto 
mycin was started and continued for fifteen days. In addition to the systemic treatment, 
the sulfonamides, streptomycin, and penicillin were instilled locally in the wound under 
the scalp. However, this combined treatment did not reach the subdural space. On the 
twenty-seventh day the patient’s neck became increasingly rigid. There was a positive 
Kernig’s sign and evidence of increased intracranial pressure. The wound was explored 
and a subdural abscess was found and drained. Cultures of the contents of the abscess 
and of the lumbar cerebrospinal fluid yielded a coagulase-positive staphylococcus which 
was resistant to 100 units of penicillin and required 32 units of streptomycin for in- 
hibition, but it was sensitive to 0.85 unit of bacitracin. Bacitracin was therefore ad- 
ministered by local instillation into the abscess cavity in a dosage of 10,000 units in 10 
c.c, of normal saline solution three times a day. This was reduced to 5,000 units after the 
eighth day and was continued for sixteen days. It was also given by the intrathecal 
route, 5,000 units in 5 ¢.c. of normal saline solution, on the first, second, fourth, and seventh 
days. Ten thousand units were injected intramuscularly every six hours for ten days. 
The temperature dropped to 99° F. on the fourth day of bacitracin therapy. The cerebro- 
spinal fluid became clearer day by day and cultures promptly became negative. The pa- 
tient thereafter made an uneventful recovery. 


This illustrates the effectiveness of bacitracin in the treatment of staphylo- 
coecic meningitis when other therapy had failed. The antibiotic sensitivity test 
of the causal organism in this case, a coagulase-positive staphylococcus, indicated 
clearly that penicillin and streptomycin could not be expected to control this 
infection. However, bacitracin not only cured the meningitis, but together with 
the surgical drainage, cleared up the subdural abscess. Bacitracin was unques- 


tionably lifesaving in this ease. 


CasE 3.—S. T. (Bacitracin Study No. 1100), 62 years of age, was admitted to the 
Lenox Hill Hospital, New York, on Sept. 10, 1948, and was discharged on Feb. 17, 1949. 
This patient received a cortical ablation of the right frontal lobe through an osteoplastic 
craniotomy for a schizophrenic psychosis. Postoperatively she was given prophylactic 
penicillin, 50,000 units every three hours for eight days, and then Duracillin, 300,000 units 
daily for seven days. Two days after the prophylactic therapy had been stopped, the 
patient became drowsy and fluctuation was noted beneath the scalp wound. Systemic 
penicillin was again administered in a dosage of 150,000 units every three hours, At the 
same time the wound was explored and a large quantity of purulent fluid was evacuated. 
Culture of the fluid showed Staph. albus which completely resisted penicillin but was sensi 
tive to bacitracin. Bacitracin was then instilled into the wound every three hours through 
a sterile catheter, using 10,000 units in 10 ¢.c. of normal saline solution. Intramusecula: 
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injections of 10,000 units of bacitracin were given every six hours for ten days. Six days 
later a portion of the bone flap was rongeured away and a subdural abscess was disclosed. 
Culture of the contents of this abscess also revealed the Staph. albus. Ten days after the 
beginning of bacitracin therapy, the wound culture became negative and remained so. 
The local instillation of bacitracin was carried on for thirty-two days and then the dose 
was halved and given twice a day. The patient made steady improvement and was am- 
bulatory three weeks after the start of bacitracin therapy. The exudate diminished 
steadily and the cavity became obliterated until the wound was all healed except for a 
small sinus at the drainage site. The depths of the sinus were explored and a small bit 
of slough was removed. The wound then healed progressively. 


This case illustrates a staphylococcic meningitis of localized type which 
formed a subdural abscess after cortical ablation. This condition might have 
been amenable to surgical treatment alone if the abscess had been well walled 
off, and if the cerebrospinal fluid had not become contaminated. The causative 
staphylococcus in this case was completely resistant to penicillin but susceptible 
to bacitracin. This adequately explains the fact that penicillin as a postopera- 
tive prophylactic measure for fifteen days failed to prevent the wound from 
becoming infected and a subdural abscess and meningitis from developing. 
There is no doubt in this case that the combined procedures of bacitracin therapy 
and surgical intervention controlled the infection after penicillin had failed. 


CasE 4.—M. B. (Bacitracin Study No. 1080), a 6-week-old infant, was admitted to the 
Babies Hospital, New York, on Jan. 15, 1949, and was discharged on Feb. 13, 1949. This 
6-week-old premature baby developed a huge abscess on the right side of the face, evidently 
arising from a pansinusitis. She had first been admitted to the Englewood Hospital in New 
Jersey for six days, and had been treated with systemic penicillin. Nasal and throat cultures 
revealed a Staph. aureus which was only slightly sensitive to penicillin. For this reason 
streptomycin was given, but the patient’s condition did not improve. She was then trans- 
ferred to Babies Hospital (New York). On admission her body temperature was subnormal. 
There was swelling all over the right side of her face, particularly around the eye, the cheek, 
and the ear. There was a purulent exudate from the right nostril and the right external 
auditory canal. The abscess was treated by aspiration and the instillation of penicillin. 
The baby was also given penicillin and streptomycin systemically. A lumbar puncture 
was performed and the spinal fluid was found to be turbid with 7,300 white blood cells 
with a differential of 85 per cent neutrocytes. Penicillin, 1,500 units, was therefore 
injected intrathecally. Cultures from the abscess of the face, from the nose, and from 
the blood revealed a coagulase-positive hemolytic Staph. aureus, but the cerebrospinal fluid 
unexpectedly showed no growth. On the next day the spinal canal was again tapped and 
cocci were seen in the smear of the cloudy fluid and Staph. aureus was obtained by culture. 
The systemic doses of penicillin were raised to 200,000 units every three hours and sodium 
sulfadiazine was started 0.06 Gm. every six hours. The body temperature ranged from normal 
to 102.4° F. On the third day the baby was lethargic. On the fourth day aureomycin was 
started by mouth and streptomycin by intrathecal therapy. Despite this treatment the 
blood and the cerebrospinal fluid cultures remained positive on the fourth, fifth, and sixth 
days. By this time a chest x-ray study revealed shadows which indicated pulmonary 
metastatic abscesses or patchy areas of pneumonia with some pleural fluid. The abscesses 
on the side of the face slowly spread down to the angle of the jaw. A small incision was 
therefore made at the lower margin and plastic catheters were inserted for the local in- 
stillation of penicillin. A similar procedure was carried out for a large metastatic abscess 
in the middle of the back, and another abscess on the dorsum of the right foot was incised 
and drained. However, the child showed no improvement and gradually sank into a coma. 
The organism was then tested and found to be sensitive to bacitracin. On the seventh 
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day after admission to Babies Hospital that drug was started in a dosage of 400 units 
per kilogram of body weight every six hours by intramuscular injection, and 500 units in 3 e.« 
of normal saline solution twice a day by the intrathecal route. Bacitracin in a concen 
tration of 500 units per c.c. was also instilled into the abscesses on the face and back 
through the plastic catheters. Laboratory tests had demonstrated synergism of bacitracin 
and penicillin, so systemic penicillin was continued. Oral aureomycin was also continued, 
but it was soon given up because of vomiting, which ceased as soon as this antibiotic was 
discontinued. On the third day of bacitracin therapy the child came out of the coma 
and her condition thereafter steadily improved. On the fourth day of bacitracin treat 
ment the cerebrospinal fluid and blood cultures were negative and from then on remained 
so. On the fifth day of this treatment, intrathecal therapy was reduced to once daily fo: 
four more days and was then discontinued. The intramuscular injection was reduced to 
200 units per kg. of body weight and was stopped one week later. The baby was dis- 
charged on the nineteenth day with all abscesses healed and in good condition. There 
was no sign of recurrence in any of the areas of infection, and x-ray films of the lungs 
showed complete resolution of the areas which with the older type of treatment would 
have broken down as lung abscesses. 

Studies of the urine and blood gave essentially no indication of nephrotoxicity from 
the bacitracin. The urine showed a 1 plus albumin on admission and 2 plus on the fol- 
lowing day, but during bacitracin treatment it was negative except on two days, when 
it was only 1 plus. A few granular casts were found on four occasions during treatment, 
but not on other days. The nonprotein nitrogen was 30 mg. per cent before bacitracin treat- 
ment and rose to 38 mg. per cent, but it was down to 31 mg. per cent a week after 
cessation of treatment. 


This case illustrates staphylocoeciec meningitis probably of hematogenous 
origin, although the spread may have come from the nasal sinuses. Meningitis 
of this type, together with staphylococcie septicemia, is usually fatal, especially 
in undernourished and underweight infants or children. Although this baby 
had been treated by many agents, namely, penicillin, streptomycin, sulfadiazine, 
and aureomycin, there was no appreciable improvement in her condition until 
bacitracin therapy began. Intrathecal bacitracin undoubtedly cleared the 
staphylocoecie meningitis, and the combined therapy of penicillin and bacitracin 
cured the staphylococcie septicemia as well as the pulmonary lesions. Aureo- 
myein was of doubtful benefit in this ease. Follow-up visits have shown a 
normal healthy child. 


Case 5.—F. M. (Bacitracin Study No. 1129), 27 years of age, was admitted to the 
University of Virginia Hospital on Aug. 17, 1949, and was discharged on Sept. 16, 1949. 
Four weeks prior to admission to the hospital this patient had several boils on the legs. 
One of these developed into a carbuncle which the doetor elected to incise, supplementing 
surgery with penicillin and sulfadiazine for a period of two days. Following this he began 
to have chills, fever, nausea, and vomiting. Some five days before admission to the hos- 
pital he was annoyed by headache and stiffness of his neck. He was then taken to a 
neighboring hospital where a lumbar puncture showed cloudy fluid with about 32,000 white 
blood cells, mostly polymorphonuclears, Culture of the spinal fluid at that time revealed 
a hemolytic Staph. aureus. He was started on sulfadiazine, 1 Gm. every four hours, and 
penicillin, 100,000 units every three hours, with a fall in the temperature, but progression of 
the meningeal signs. Penicillin was later increased to 200,000 units every two hours the day 
before he was transferred to the University of Virginia Hospital in Charlottesville, Va. 

At the time of admission he was conscious, but his intellect was definitely impaired and 
he was having visual and auditory hallucinations. Temperature was 100.6° F. and in 
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general he appeared to be very severely and acutely ill. The pupils were constricted and 
the fundi showed bilateral marked choking of about 3 diopters. Examination of the heart 
and lungs was not remarkable except for a soft apical systolic murmur. The abdomen was 
tight without involuntary spasm. There was definite tenderness in the right flank on palpa- 
tion, This tenderness later shifted and never presented any consistent localization. The 
neurological examination showed an extremely stiff neck with a positive Brudzinski and 
bilaterally positive Kernig’s sign. Motor function was good and equal bilaterally. There 
were no definite localizing reflex changes and no other pathologic reflexes. 

The white blood count on admission was 12,600, with about 3.5 million red blood 
cells and 13.5 Gm. of hemoglobin. Urine showed no abnormalities. Blood urea, chlorides, 
and carbon dioxide were within normal limits. A lumbar puncture was attempted shortly 
after admission to the hospital, but only a few drops of a thick, purulent material could 
be obtained. This was cultured, but there was no growth. The previous amounts of peni- 
cillin and sulfadiazine were continued. The following morning the patient seemed much 
more toxic and it was believed that his condition was rapidly becoming terminal. <A 
neurosurgical consultation was obtained and it was advised, in view of the papilledema 
and other signs of increased intracranial pressure together with the obvious block in the 
ventricular system, that ventriculography was indicated. Therefore, on the third day, 
ventricular needles were inserted after cauterizing the dura and underlying cortex. Blood- 
tinged fluid, which was withdrawn in the amount of 45 ¢.c., was replaced by air. X-ray 
examination revealed no evidence of ventricular pressure. At this time 25,000 units of 
penicillin were instilled into the left lateral ventricle. 

On the following day the patient was considerably worse, being in a stuporous con- 
dition and unable to respond. Because of the downward course following treatment with 
penicillin, it was decided to shift to the use of bacitracin. Ventricular needles were again 
inserted and at the same time a spinal puncture was performed. This time some very 
thick greenish material was aspirated from the lumbar site, and following this there was 
a free flow of turbid spinal fluid under a pressure of about 150 mm. of water. Culture 
of the thick pus which had been aspirated showed the hemolytic Staph. aureus. Unfor- 
tunately no tests were made of susceptibility to penicillin or bacitracin. Bacitracin, 9,800 
units in 6 ¢.c. of saline solution and spinal fluid, was injected into the left lateral ventricle 
and the same amount into the lumbar intrathecal space. The day after this procedure the 
patient was considerably improved, his state of consciousness being approximately com- 
parable to that at the time of admission. The intrathecal injection of bacitracin in the 
amount of 9,800 units was repeated and the same amount instilled into the right ventricle 
without obvious complications, except that the intrathecal injection of bacitracin seemed 
to be painful locally. During this time the patient remained febrile and toxic, but cultures 
from both the ventricular and spinal punctures were negative. A third instillation of 
bacitracin was made the next day intrathecally and intraventricularly on the right side 
in the same dosage as previously used. Cultures were again negative. 

Following these procedures the patient made steady improvement. His mental per- 
ception rapidly returned to normal. There was no residual paralysis or paresis. The 
papilledema gradually receded. There was no albuminuria during bacitracin treatment. 
The blood urea fell from 26 mg. per cent to 18 mg. per cent and there was no change in 
the phenolsulfonphthalein excretion. From the fourth day following the initiation of 
bacitracin treatment the patient was completely afebrile. On that day the spinal fluid 
inhibited the growth of the organism in vitro in a dilution of 1 to 27. Just before dis- 
charge from the hospital the spinal fluid was found to be clear and colorless, with only 
twenty-four cells, all but one of which were lymphocytes. The chlorides were 720, protein 


65, and sugar 41 mg. per cent. 

This ease is a clear-cut example of staphylococcus meningitis of hematog- 
enous origin, of the type which before the days of chemotherapy was invariably 
fatal. It failed to respond to large doses of penicillin and sulfadiazine. When 
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a spinal block was discovered, intraventricular puncture revealed purulent 
cerebrospinal fluid, but the intraventricular injection of penicillin had no effect 
With the patient rapidly failing and when the outlook seemed entirely hopeless 
bacitracin was given intrathecally and intraventricularly with a dramatic 
response. After the first injection, cultures in both areas became negative and 
after only three instillations of bacitracin, the patient went on to a rapid ani 
complete recovery without any evidence of toxicity or other untoward effect. 


COMMENT 


Delay in the treatment of any form of meningitis may have serious and 
even fatal consequences. It is the responsibility of the attending physician not 
only to make the diagnosis as soon as possible, but also to determine the causative 
organism and its susceptibility to the available antibacterial agents. When the 

diagnosis of meningitis is suspected, a diagnostic lumbar puncture should be 
‘i performed immediately. If the puncture yields a cloudy fluid, a stained smear 
i should be studied for bacterial forms. If coeci are found, an intrathecal injee- 
{i tion of 10,000 units of penicillin or 5,000 to 10,000 units of bacitracin in 5 c¢.e. 
' of saline solution is advocated. This will induce and maintain an antibiotic 
. concentration in the cerebrospinal fluid for at least twelve hours. The initial 
: treatment should then be repeated. In eighteen to twenty-four hours the 
infecting agent should be known and its susceptibility roughly determined. If 
the causative organism is sensitive to penicillin, further treatment with peni- 
cillin is indicated. However, if the organism is penicillin-resistant but baci- 
tracin-sensitive, bacitracin is the drug of choice. It is also advisable to test 
the synergistic action of penicillin and bacitracin against the organism.*’ If 
there is any synergism, both antibiotics should be used together. The injection 
should be slow and by repeated barbotage, so that an even and higher concen- 
tration in the upper reaches of the cerebrospinal space may be obtained. If 
the patient does not show some improvement clinically within twenty-four to 
forty-eight hours, or if there are signs of blockage or obstruction of the spinal 
subarachnoid space, the injection should be given by the intracisternal route. 
If the patient still does not show any signs of improvement, ventricular pune- 
ture is indicated. If the puncture reveals cloudy fluid, the intraventricular 
instillation of penicillin or bacitracin or of both antibiotics should be given 
onee or twice a day in a dosage of 5,000 to 10,000 units. Although these agents 
do not reach the cerebrospinal fluid in high concentration following intra- 
muscular injections, supplementary treatment with 300,000 units of penicillin 
or 10,000 to 20,000 units of bacitracin should be given every eight hours by 
that route. 



















SUMMARY 





The history of the treatment of staphylocoecic meningitis has been reviewed. 
The results were generally bad until the advent of bacteriophage, the later 
sulfonamides, and the antibiotics. Since then treatment has been increasingly 
successful. 
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During the last two years, through centers set up to appraise the limitations 
of and the indications for the use of bacitracin, five patients with staphylococcal 
meningitis have been treated with this antibiotic. All of these patients had 
been treated unsuccessfully with other chemotherapeutic and antibiotic agents. 
Bacitracin, called upon after other measures had failed, clearly demonstrated 
its effectiveness in the treatment of this disease in every one of these patients. 
All recovered completely. It was the expressed opinion of those who saw these 
patients that there was no question about the prompt response to bacitracin 
treatment. While this series of cases is small in number, the fact that all of 
the patients responded suggests that bacitracin should be considered for the 
primary treatment of this disease. It may be stated that the causative organism 
is usually susceptible to bacitracin. Furthermore, the experimental and clinical 
data have shown that the intracranial, intraventricular, and intrathecal injec- 
tion of bacitracin is far less toxic than are the other antibiotics and chemo- 
therapeutic agents which have been tried. 
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A METHOD OF PRODUCING EXPERIMENTAL INFECTED LONG BON] 
FRACTURES AND THEIR TREATMENT WITH PENICILLIN 
AND BONE GRAFTING 


ALLEN H. Jonson, M.D., J. Matcotm Epmistron, M.D., H. J. McCorkue, M.D 
AND HELEN WarRMER, A.B., SAN FRANCISCO, CALIF. 


(From the Department of Experimental Surgery, University of California Medical School 


COMPLETE fracture of the tibia was produced in dogs under sodium 

pentobarbital anesthesia through a surgical incision in the lateral aspect of 
the leg. Infection was induced by crushing the muscle tissue exposed in the 
wound, contaminating the fracture site heavily with street dirt, and closing the 
incision. Within five to seven days all of these animals showed disruption of the 
wound with severe acute suppurative infection.. After approximately thirty 
i days, the infectious process usually subsided to form a chronic granulating drain- 
if ing sinus. X-ray studies of the bones revealed evidence of osteomyelitis with 


it ‘arefaction, sequestration, and involucrum formation at the site of the infected 
i fracture (Fig. 1). The bacteria cultured from the draining sinus tracts are 
r listed in Table I. 

" Twelve animals with well-established infected fractures were selected for 
" experiments to test the efficacy of penicillin therapy in conjunction with bone- 
grafting procedures. Six animals served as untreated controls. The remaining 
; six animals received 100,000 units each of penicillin daily by intramuscular 


injection every four hours for five days preceding, and for twenty-one days fol- 
lowing, operation for treatment of the infected fracture. 

The operation on all animals consisted of complete excision of sinus tracts, 
infected granulations, sear tissue, sequestra, and infected bone, and repair of 
the fracture with a cancellous graft from the ilium or a sliding cortical bone 
graft held in position with fine stainless steel wire. The extremity was im- 
mobilized in a plaster of Paris cast. X-ray studies were done at monthly 
intervals. All surviving animals were sacrificed for gross and histologic study 
three months after the bone-grafting procedure. 

Of the six animals receiving penicillin therapy, four showed improvement 
during the preoperative period. The sinus tracts closed in two animals, and in 
two the sinuses became smaller with less drainage. The other two animals showed 
no detectable change. Postoperatively the appetite, nutrition, and general condi- 
tion of five of the penicillin-treated animals were good, and all six survived the 
three-month follow-up period. This condition contrasted sharply with the condi- 
tion of the six untreated control animals in which malnutrition and sepsis, asso- 
ciated with the peculiar foul odor of suppurating bone, prevailed. Four of the 
six untreated control animals died before the end of the three-month period, 
and the two survivors were in extremely poor condition (Table II). 

The soft tissue wounds healed per primam in four of the six penicillin- 
treated animals, and in two animals there was trivial infection with drainage 
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Fig. 1.—Reproduction of x-ray of dog’s tibia four weeks after infected fracture was established. 








Fig. 3. 


; Fig. 2.—Reproduction of x-ray of penicillin-treated animal three months after bone graft- 
ing showing incorporation of graft in healing fracture. 

Fig. 3.—Reproduction of x-ray of untreated control animal showing sequestration of 
graft, bone destruction, and non-union, 
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TABLE I 











| NUMBER OF PENICILLIN PENICILLIN 





ORGANISM | ANIMALS SUSCEPTIBLE RESISTANT® 
Clostridium 7 6 - z= 
Nonhemolytie Staphylococcus aureus 5 4 ] 
Peta hemolytic streptococcus 4 3 I 
Hemolytic Staphylococcus albus 4 2 2 
Aerobie spore-forming bacilli l l 0 
Anaerobic streptococcus I l 0 
Bacterioid 1 I 0) 
Diphtheroid 3 0 3 
Streptococcus faecalis 2 0 2 
Escherichia coli 1 0 ] 
Proteus 1 0 l 





*Organisms not susceptible to 49 Oxford unit per cubic centimeter. 


TABLE IT 

















ft — = 
i NUMBER OF GENERAL POSTOPERATIVE CONDITION 

i ANIMALS GOOD | POOR DIED 

. Penicillin treated 6 5 1 0 

rm Untreated controls 6 0 r { 

Kt from sinus tracts from which penicillin-resistant organisms were recovered. The 
4 ° > ° ° ° 

r wounds broke down with foul suppuration in all untreated control animals 
" (Table III). Two of these wounds finally closed by granulation after the grafts 


? were extruded. 
.. TABLE IIT 








{ SOFT TISSUE WOUND HEALING 








NUMBER OF PER TRIVIAL GROSS 
ANIMALS PRIMAM INFECTION INFECTION 
’ Penicillin treated 6 4 2 0 
“sf Untreated controls 6 0 0 6 





All of the bone grafts remained viable in the animals treated with penicillin. 
; Bony union occurred ,in four, fibrous union in one, and non-union in one animal 
(Fig. 2). The animals that failed to obtain bony union were the ones that had 
trivial infection with penicillin-resistant organisms. There was no bony union 
in any of the untreated control animals. The grafts were found as loose sequestra 
in pus in three control animals (Fig. 3). In two others the grafts were extruded, 
and in one untreated control animal fibrous union occurred (Table IV). 

















TABLE IV 












NUMBER oF | UNION OF GRAFT” — 


















ANIMALS BONY FIBROUS | NONE 
Penicillin treated 6 4 1 ] 
Untreated controls 6 0 1 5 















SUMMARY 





A method for producing experimental infected fractures is described. 
Superior healing of soft tissues, bone, and bone grafts was obtained in animals 
that received penicillin therapy in conjunction with adequate surgical removal 
of infected tissue and immobilization, as compared with the results in controls 
that received similar surgical management and immobilization, but were not. 
given antibiotic therapy. 







ESOPHAGEAL ANASTOMOSIS: TYPES AND METHODS OF SUTURE 


R. W. PostLeTaHwait, M.D.,* W. Ratpu Deaton, Jr., M.D., H. H. BrapsHaw, 
M.D., AaNp R. W. WiuutAMs, M.D., Wrnston-SALeEm, N. C. 


(From the Department of Surgery, Bowman-Gray School of Medicine of Wake Forest College) 


ROGRESS in surgery of the esophagus has been rapid during the past few 

years but a number of problems remain which merit study. Anastomoses 
involving the esophagus are more hazardous than in most of the remainder of the 
gastrointestinal tract because of the absence of a serosal covering and the 
relatively smaller blood supply. Any factor, therefore, which might enhance 
healing should be considered. In this study, an attempt was made to evaluate 
the various types and methods of suture of the esophagus. The correction of 
esophageal atresia with or without tracheoesophageal fistula was not considered, 
as this problem is separate and distinct because of the small size and delicacy of 
the segments, especially the distal one. 

Various types of sutures have been used in the experimental animal, and 
in the adult human being after resection for carcinoma or stricture. Miller and 
Andrus? used a modification of the Halsted bulkhead method for esophagogastric 
anastomosis in dogs, with an inner layer of interrupted silk mattress sutures and 
a continuous silk suture in the muscularis. Saint and Mann? resected up to 4 em. 
of the esophagus in dogs and for the esophagoesophageal anastomosis employed 
two layers of silk in the same manner as Miller and Andrus. Adams, Escudero, 
Aronsohn, and Shaw* used a two-layer interrupted linen suture for esophago- 
gastric anastomosis in dogs. In a few of the animals a two-layer continuous 
linen suture interrupted at four points was employed. Carter, Stevenson, and 
Abbott* used continuous or interrupted sutures for the inner layer in about an 
equal number of esophagogastric anastomoses in dogs. The continuous suture 
was interrupted at the halves or the quadrants by a silk suture. No striking 
difference was noted, but their clinical impression was that less interference 
with the blood supply occurred with the interrupted suture. Catgut or silk was 
used for the inner layer without noticeable difference in the operative results. 
For the outer layer of sutures, interrupted Lembert sutures of fine silk were used 
in all animals. Swenson and Clatworthy,® after resection of up to 80 per cent 
of the esophagus in dogs, performed a two-layer end-to-end esophageal anasto- 
mosis with interrupted 0000 silk. The inner layer was mucosal and the outer 
included the muscular coat with ‘‘some of the submucosa.’’ 

Clark and Adams*® performed side-to-side esophagogastric anastomoses above 
benign strictures of the esophagus in patients, employing two layers of either 
interrupted or continuous linen sutures. Garlock’ has repeatedly emphasized 
the importance of meticulous technique in anastomosis after resection for 
carcinoma. He used two layers of interrupted silk, the outer telescoping the 
stomach over the esophagus. Sweet* also emphasized the importance of careful 
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anastomosis, and in his esophagogastric anastomosis employed a_ three-layer 
interrupted silk technique. The first layer of mattress sutures approximated the 
muscularis of the esophagus to the seromuscularis of the stomach; the second, 
muscularis to muscularis; and the third, mucosa to mucosa. Nagel and Menke,’ 
for esophagogastrie anastomoses following resection for carcinoma, used an 
outer layer of interrupted silk mattress sutures and an inner layer of continuous 
00 chromic catgut. Thorek,’° in the same procedure, preferred an outer layer of 
interrupted mattress sutures of cotton and an inner layer of through-and-through 
interrupted cotton sutures. 

In an effort to determine whether one type of suture had any advantages 
over another the following experiment was carried out. 


METHODS 


Mongrel dogs weighing 8 to 36 pounds were used; the majority weighed 
between 12 and 18 pounds. Thoracotomy on the left was performed under 
Nembutal anesthesia with endotracheal intubation and intermittent positive 
pressure. The lower one-third of the esophagus was freed up, with care to 
preserve the vagus nerves and as much of the blood supply as possible. The 
esophagus was divided transversely and immediately anastomosed end-to-end 
with two layers of sutures. The outer layer was through the muscularis and 
some of the submucosa, and the inner layer included the submucosa and mucosa 
with the knot tied within the lumen. Sutures were placed about 2 mm. from the 
eut edge and from 2 to 3 mm. apart. Foreeps were employed as little as possible. 
No portion of the esophagus was removed so that tension was not a factor. No 
fixation sutures were used and the pleura was not closed over the site of 
anastomosis. Only esophagoesophageal anastomoses were studied in this series. 

Six groups of dogs were studied, divided as follows: Group 1, interrupted 
silk sutures in both layers; Group 2, continuous silk in both layers; Group 3, 
interrupted catgut in both layers; Group 4, continuous catgut in both layers; 
troup 5, interrupted simple silk in the inner layer and interrupted silk mattress 
in the outer layer; and Group 6, continuous catgut in the inner layer and inter- 
rupted silk in the outer. The interrupted were all simple through-and-through 
sutures except for the mattress sutures. The continuous sutures were tied at one 
point and locked one-half of the way around the anastomosis. Five zero silk 
and five zero catgut sutures were used. 

The dogs were allowed water for the first two days. Soft food was then 
given until the seventh or eighth day, when they received the regular kennel 
rations. No parenteral fluids or antibiotics were administered. With the few 
exceptions noted in the results, the esophagus was removed in six or ninety days 
for gross and microseopie study. These time intervals were selected because 
early healing should be fairly well advanced at six days and by ninety days 
stricture would probably have developed if this was to oceur. 


RESULTS 


Group 1, Interrupted Silk.—Six dogs were sacrificed at six days and a 
seventh dog at nine days. Grossly, the esophagus of two dogs showed slight 
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mucosal separation and in the others healing appeared to be very satisfactory. 
Most of the sutures were still in place. Microscopically, a moderate number of 
round cells were seen except in the dogs which showed mucosal separation, and 
here acute inflammatory cells were present in the mucosa and immediate sub- 
mueosa. A suture was identified in the sections from each of the six specimens. 
In one specimen the suture was well encapsulated, in three it was surrounded 
by round cells, and in two by acute inflammatory cells. 

Six dogs were sacrificed at the end of ninety days. In two dogs one suture 
remained and in a third there were three sutures still in place. Healing was 
excellent in all instances and no stricture occurred. Microscopically, all showed 
mature narrow scars. Only one suture was found in this group microscopically 
and this was encapsulated, but immediately surrounding the suture were both 
acute and chronic inflammatory cells. 

One dog, on whom interrupted silk sutures had been used for the anasto- 
mosis, died of pneumonia at the end of forty-two days. The anastomosis was 
well healed both grossly and microscopically and no stricture was present. 


Group 2, Continuous Silk.—Three dogs were sacrificed at the end of six 
days. Two showed good early healing with all sutures in place. In the third 
the sutures had pulled out at one area to allow leaking with resultant pneumo- 
thorax and early empyema. In this dog, microscopically, the mucosa was 
uleerated and the interval filled with fibrin and polymorphonuclear leucocytes. 
In the other dogs healing was well advanced and a moderate number of round 
cells were seen. In both the latter specimens a suture surrounded by acute 
inflammatory cells was seen microscopically. 

Two dogs in this group were sacrificed at forty-two days. Both showed 
excellent healing grossly, and on microscopic study in one a narrow scar of 
mature connective tissue was present. In the other, connective tissue formation 
was also excellent but the scar was wider than usual. One encapsulated suture 
Was seen. 

Eight dogs having continuous silk sutures were sacrificed at ninety days. 
Grossly, no strictures were found and healing was excellent with the following 
exceptions. In five of the dogs a small area of granulation tissue was evident 
in the mucosa at one point of the anastomosis in each. A probe inserted into 
this led to the outer suture placed in the muscular layer. As far as could be 
determined no leakage had occurred. Microscopically, those sections which were 
taken through these granulating areas showed acute inflammatory reaction, but 
sections through the other areas showed mature scar tissue. Three sutures were 
seen which were well encapsulated and two were surrounded by polymorphonu- 
clear leucocytes. 

Group 3, Interrupted Catgut—Two dogs were sacrificed at six days and 
both showed excellent healing both grossly and microscopically. In one section 
a suture was surrounded by round cells. 

The specimen was obtained from three dogs in ninety days and no striec- 
tures occurred. <All showed excellent healing both grossly and microscopically. 
Two sutures were seen surrounded by round cells. 
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Group 4, Continuous Catgut.—Two dogs were sacrificed in six days. In 
both the healing was well advanced grossly. Microscopie sections showed good 
early healing and a moderate number of chronic inflammatory cells. 

The esophagus was removed from four dogs at the end of ninety days. 
Grossly, healing was excellent and in two it was difficult to recognize the site of 


Fig. 1.—-Esophageal anastomoses in dogs; specimens removed ninety days after operation. 
All had two layers. A, interrupted silk. B, continuous silk. Note two sinus openings, one lead- 
ing to continuous muscle suture and the other with a portion of this suture protruding. C, inter- 
rupted five zero chromic catgut. D, continuous five zero chromic catgut. JZ, interrupted silk 
mattress sutures in muscle, simple interrupted silk in mucosa. fF, interrupted simple silk 
sutures in muscle, continuous five zero chromic catgut in mucosa. Note absence of stricture 


in all specimens. 
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the anastomosis. No strictures were found. Microscopically, all showed mature 
sear tissue. Sutures surrounded by round cells were seen in three sections. 

Two dogs who had continuous catgut suture died. The first expired forty- 
three days after operation and had a massive empyema on the left. Both grossly 
and microscopically, however, the anastomosis was well healed. The second dog, 
through an error, was subjected to craniotomy and died of pneumonia the second 
day after this procedure. This was the twenty-ninth day after esophageal anas- 
tomosis. The: esophagus showed excellent healing both grossly and micro- 
scopically and one encapsulated suture was seen. 


Group 5, Mattress Sutures for Outer Layer.—In a group of six dogs mat- 
tress sutures of silk were used in the muscular layer rather than the simple 
interrupted sutures. The mucosal sutures were interrupted silk. 

Three dogs were sacrificed at the end of six days. Two showed good healing 
grossly and in the third the mucosa was separated. In the latter, micro- 
scopically, the submucosa was infiltrated by polymorphonuclear leucocytes and 
the mucosa ulcerated. The others showed good fibroblastic proliferation with a 
moderate number of chronic inflammatory cells. A suture within an abscess was 
seen in two sections. 

Three dogs were sacrificed at the end of ninety days and both grossly and 
microscopically healing was excellent. No stricture was noted. In all three dogs, 
however, sections showed a portion of suture which was surrounded by acute 
inflammatory cells. 


Group 6, Catgut and Silk.—In twelve dogs, the anastomosis was performed 
with an inner layer of continuous catgut and an outer layer of interrupted silk. 
The esophagus was removed from six dogs after six days. Healing appeared well 
advanced grossly and on microscopic study excellent early healing was found 
in all six. Sutures surrounded by acute and chronic inflammatory cells were 
noted in all but one section. 

After ninety days, the remaining six dogs were again operated upon. 
Grossly, all appeared very well healed without signs of infection or stricture. 
Microscopie sections showed mature narrow sears. 


DISCUSSION 


In the entire group of fifty-nine dogs, the anastomosis of only one dog 
developed a leak at the suture line. This was with continuous silk suture. An- 
other dog died of empyema after a continuous catgut anastomosis. Whether a 
separation of the suture line with leakage occurred or contamination at operation 
took place is conjectural, but the latter appeared more likely in view of the 
excellent healing. With continuous silk, points of granulation tissue in the 
mucosa were noted. Each led to the suture in the outer layer. These points 
of poor healing may have been due to placing the suture too closely beneath the 
mucosa, with subsequent infection and persistent drainage. The continuous 
suture may also have interfered with the blood supply to a greater extent than 
the interrupted, although areas of granulation tissue did not occur with the 
continuous catgut. Theoretically, one factor may have been the limited dilata- 
tion imposed at the anastomosis by the continuous suture which caused the latter 





542 POSTLETHWAIT, DEATON, JR., BRADSHAW, AND WILLIAMS. Surze: 
to cut through the mucosa at the time of swallowing. The catgut sutures in thx 
histologie sections were usually fragmented and surrounded or infiltrated }) 
round cells. Conversely, the silk sutures were usually surrounded by polymorpho- 
nuclear leucocytes. 

No instance of stricture was encountered in the entire series, as determined 
by simple gross inspection of the specimen. Barium swallow and fluoroscopy 
were not employed. The animals did not regurgitate food, suggesting the absence 
of stricture. At the time of reoperation, a slight degree of esophageal dilatation 
above the anastomosis was infrequently encountered and this was never at all 
marked. 

It is well known that a continuous suture may produce more strangulation 
of tissue than interrupted sutures. In these studies, with no tension on the 
suture line and maximum preservation of blood supply, a continuous suture for 
the mucosal layer produced healing as satisfactory as the interrupted sutures, 
with the exception of one animal with continuous silk. Little difference was 
noted between silk and eatgut in the inner layer. For the muscular layer, inter- 
rupted silk or catgut showed equally good healing, whereas for a continuous 
suture, catgut appeared better than silk. 


From this study, the only statement which can be made is that a meticuously 
performed end-to-end esophageal anastomosis in dogs will heal satisfactorily with 
either silk or catgut sutures. Interrupted sutures are somewhat preferable to 
the continuous, particularly in the muscular layer. Simple sutures serve as 


well as mattress in the muscular layer. From the over-all standpoint of technique 
and healing (if one preferred method must be selected on the basis of this experi- 
ment) a mucosal suture of continuous catgut and a muscular layer of interrupted 
silk would appear to be best. 

CONCLUSION 


A meticulous technique in performing esophageal anastomosis is more im- 
portant than the type or method of suture employed. Preference, however, is 
given to an inner mucosal layer of continuous eatgut and an outer muscular 
layer of interrupted silk. 
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MANAGEMENT OF PLEURAL TEARS DURING THORACOPLASTY 
EvuLiott MICHELSON, M.D.,* BALTIMORE, MD. 


LEURAL tears during thoracoplasty may or may not result in a major com- 

plication during the postoperative period, depending upon the pulmonary 
reserve of the patient. In good-risk patients with unilateral involvement, mini- 
mal pulmonary secretions, and good respiratory function, the addition of a 
traumatic pneumothorax is not hazardous. If the hemopneumothorax absorbs 
slowly, a fibrous peel may envelop the lung and its parieties with consequent 
impairment of respiratory function. In the poor-risk patient with marked secre- 
tions and low respiratory reserve, the additional reduction in function imposed 
by a hemopneumothorax may be serious and lead to severe anoxia and irrever- 
sible pulmonary edema. In the early postoperative period, complicating factors 
such as mediastinal shift and contralateral atelectasis may further embarrass 
respiration so that maximum respiratory function of the ipsilateral lung is 
urgently needed. 


This paper concerns a method for closure of pleural tears which allows 
rapid expansion of the lung and early removal of air and fluid from the pleural 


space. 

In the past year, while attempting a thoracoplasty over a pneumonie right 
upper lobe, a pleural tear resulted in dislocation of the upper lobe below the level 
of the hilum. In order to reduce the number of resected ribs necessary to collapse 
this lobe, a catheter was inserted into the pleural space, suction applied, and 
complete re-expansion of the lung followed, with the right upper lobe rising 
into the apical paravertebral gutter. No pleural effusion developed. Heartened 
by this result, all subsequent pleural tears have been treated by intrapleural 
catheter drainage instituted at the time of operation. The results have been 
uniformly excellent; the Pnx is absent at the end of the operation, the extra- 
fascial fluid seeping into the pleural space is removed quickly, and no secondary 
pleural effusion follows. 

The technique is simple, requires no special instruments, and can be per- 
formed in a few minutes. No attempt is made to close the pleural tear, although 
it may be plugged with a sponge temporarily. As soon as the opening is dis- 
covered, an aspirating needle is inserted through an exposed intercostal space 
approximately at the midaxillary line one or two interspaces below the lowest 
rib to be resected. If a pneumothorax space is found, a trocar cannula is in- 
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serted, a small urethral catheter (French 14 or 16) is fed into the pleural cavity, 
and immediately connected with an underwater drainage bottle. After rib 
resection is completed, but prior to closure of muscle layers, a small incision is 
made in the skin and the catheter is extracted through this opening. A 
silk mattress suture is placed in the skin wound about the eatheter and 
is tied later when the eatheter is removed. The eatheter is again attached 
to underwater drainage, and, when the patient is returned to the ward, con- 
tinuous mild suction may be applied. We have placed 4 to 8 em. of catheter 
within the pleural space and it appears to function as well as one with the tip 
inserted just beyond the parietal pleural wall. The lung expands, quickly 
closing the tear, and the pneumothorax is completely removed by the end of 
operation. Fluid in the subscapular space will continue to seep into the pleural 
space for approximately twenty-four hours and it is, therefore, desirable to 
continue suction drainage during this period. 


The first case, already cited, had bilateral pulmonary tuberculosis and a pneumonie right 
upper lobe. The catheter was inserted the day after operation and removed two days 
later with no subsequent pleural effusion, There were four other pleural tears subse- 
yuently, and all were treated by intrapleural catheter drainage performed at the time of opera 
tion. The catheters were removed on the first day after operation and no pleural effusions 
developed later. Two of the cases are worthy of comment. One patient had a left seven-rib 
thoracoplasty on June 14, 1949, and on Dee. 5, 1949, during a right six-rib supraperiosteal 
pneumonolysis with Lucite plombage, under local anesthesia, the pleura was torn. Function 
studies* prior to operation revealed a maximum breathing capacity of 82 L. per minute, with 
the right lung performing 64 per cent of the total ventilation and 65 per cent of the total 
oxygen consumption. The pleural catheter was inserted before the patient noted any respira- 
tory symptoms and no pneumothorax was present on X-ray examination at the end of opera- 
tion. The patient had no subjective or objective evidence of diminished respiratory reserve 
during convalescence. 

The other patient had bilateral cavitary disease and a right Monaldi drainage tube. 
The respiratory reserve was low, with but 48 L. per minute maximum breathing capacity, and 
a residual air of 53 per cent (of total lung volume) verified the presence of severe emphysema. 
Bronchospirometric studies showed that the left lung performed 61 per cent of the total ven 
tilation and absorbed 71 per cent of the total oxygen. The pleura was torn during a left 
supraperiosteal pneumonolysis with Lucite plombage, performed on July 12, 1949, under local 
anesthesia. The patient experienced mild dyspnea until the catheter was inserted. The 
drainage tube was removed on the following day and convalescence was otherwise uneventful. 


There have been no complications following the use of intrapleural catheter 
suction for pleural tears. The patient experiences no additional pain or dis- 
comfort. Roentgenograms taken immediately after operation have shown no 
trace of pneumothorax. The rapid expansion of the lung closes the pleura! 
tear and allows the subscapular fluid to accentuate the collapse. Aspirations 
of the pleural space have not been necessary in any case, and in only one instance 
has there been enough fluid or reaction to produce obliteration of the costo- 
phrenic sulcus. The immediate drainage is bloody, but the total drainage is 


*Respiratory function studies were performed by Dr. George Wright of Physiologic 
Laboratory, Trudeau Foundation, Saranac Lake, N. Y. 
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serohemorrhagie and has been less than 100 ¢.c. in all cases. This would suggest 
that the mechanism of large pleural effusions following a pleural tear is not 
due to the original small amount of hemorrhagic fluid seeping into the pleural 
cavity, but to the pleural exudation stimulated by the presence of blood. 


CONCLUSIONS 

Pleural tears during thoracoplasty may produce respiratory distress by the 

presence of pneumothorax and subsequent pleural effusion. The use of intra- 

pleural catheter drainage instituted at the time of operation is suggested. By 

this procedure, the tear is closed by the expanding lung, the pneumothorax is 

obliterated and extrafascial fluid seeping into the pleural cavity is quickly 

removed. The method is especially recommended for those thoracoplasty patients 
with low respiratory reserve. 
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EFFECT OF VAGOTOMY ON INTESTINAL ACTIVITY 


SaLMon Fark, M.D.,* JoHn H. GrRInDLAY, M.D., AND FRANK C. MANN, M.D., 
ROCHESTER, MINN. 


(From the Division of Experimental Medicine, Mayo Foundation and Mayo Clinic) 


HE re-application of vagotomy as a therapeutic measure, especially in re 

gard to the surgical treatment of peptic uleer, has caused a renewal o! 
studies on the functions of the vagi nerves in relation to the physiologic mecha 
nisms of the gastrointestinal tract. Most of such studies have been concerned 
with the effect of vagotomy on gastric secretion and gastric motility. 

The recent excellent review of the literature on vagotomy by Alvarez’ 
clearly indicated that the most demonstrable effects of intrathoracic vagotomy 
have been exerted on gastric functions. However, the vagi contain nerve 
fibers which innervate other portions of the gastrointestinal tract and visceral 
organs, although to a more limited extent than the stomach, and information 
regarding the effects, if any, of vagotomy upon these extragastric structures 
must be obtained before a complete physiologic appraisal of the results of see- 
tion of the vagi can be made. The context of the review by Alvarez suggested 
that further researches are desirable on the effect of intrathozacic vagotomy on 
organs other than the stomach, even though the results of such studies would 
probably be much less striking than those obtained concerning gastrie functions. 

Our investigation was undertaken as an attempt to determine if vagotomy 
affected some of the specific types of activity of the intestinal tract. 

METHOD 

Healthy, trained, female dogs were used in this investigation. The ani- 
mals were trained to lie quietly on their side and to eat in this position on a 
comfortable padded table. Various loops of intestine were exteriorized ac- 
cording to the technique developed in this laboratory.2.* All operative pro- 
cedures, both in exteriorizing the intestine and in section of the vagi, were 
performed with the animals under the influence of ether anesthesia and with the 
use of sterile technique. Multiple exteriorized loops of intestine were made in 
each animal. Two animals had three loops exteriorized at various levels con- 
taining one segment each of duodenum, of jejunum, and of ileum. A loop of 
duodenum and a loop of jejunum were exteriorized in each of three dogs, and 
in one animal the exteriorized loops were of duodenum and ileum. Intestinal! 
motility was recorded photographically by the method described by Mathur 
and two of us (Mann, Grindlay ).* 

Daily observations and records were made under conditions of fasting anc 
also after feeding to the dogs a standard meal for a period of about three 
months before vagotomy. Through an intercostal incision the vagi were 
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evulsed for their entire length between the diaphragm and the hilum of the 
lung. The results of numerous such operations in the dog have shown that 
all the vagal fibers are severed and that regeneration does not occur. After 
recovery of the animals from the vagotomy, recordings were made under con- 
ditions similar to those of the control period. Studies were made for six 
months and longer after vagotomy. 


RESULTS 

The general effects of intrathoracic vagotomy were exhibited by these 
animals. After vagotomy the dogs appeared to be quieter and less alert. They 
showed an increase in salivation and frequently vomited a ropy, mucous, gas- 
trie content. Diarrhea developed. The vomiting and diarrhea disappeared 
at the end of the third postoperative day in all of the animals except one. In 
this animal the diarrhea persisted until death occurred six weeks after opera- 
tion. The animals lost interest in food and ate with reluctance, even after long 
periods of fasting. A decrease in appetite is not unusual in vagotomized dogs. 

Intestinal motility differs to a certain extent among individual dogs. It 
also differs slightly in the same animal on different days and at different times 
of the day, particularly in relation to feeding time and after feeding. How- 
ever, a composite picture of intestinal activity can be obtained by a careful 


study of the records. 

As noted previously, the intestinal tract of normal dogs after a fast of 
twenty-four hours or more is quiescent, except for an occasional short period 
of activity which often consists of rhythmie contractions of small amplitude.* ° 


In general, the pattern of activity is similar in each of the different segments 
of the intestine, but often the jejunum of the fasting animal exhibits the most 
activity, and the rate of rhythmic segmentation decreases progressively from 
pylorus to cecum, but is constant for any specific loop of intestine. After 
vagotomy the pattern of intestinal activity was not altered in the fasting state, 
but it always required a longer fasting period before the intestine became 
quiescent. Rhythmic segmentation was not affected in either rate or gradient 
phenomenon. 

The sight and smell of food usually are followed by activity of the duo- 
denum and activity to a lesser extent in the jejunum and ileum in normal dogs 
that have fasted for twenty-four hours or longer. This psychic reflex was 
readily produced in the animals used in this investigation before vagotomy, 
but was not recognized after evulsion of the vagi. 

The ingestion of food after a period of fasting initiates a regular cycle of 
intestinal activity, the feeding reflex, in a normal animal. The activity begins 
in the duodenum immediately after a meal, and passes caudally as a wave to 
the terminal portion of the ileum. This rapid motor response to feeding is fol- 
lowed by prolonged activity which gradually diminishes until the entire intes- 
tine becomes almost quiescent. 

The animals observed in this research had a normal feeding reaction fol- 
lowed by the normal pattern of intestinal activity noted during digestion. The 
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feeding reflex in these animals was not affected by vagotomy, as had been note 
previously,’ except for a slight delay in its appearance and a decrease in th 
duration of the initial burst of activity. The pattern of intestinal activity dw 
ing digestion after vagotomy was altered from the normal as follows: there 
was a decrease in the waves of peristalsis, in both number and amplitude, ani 
an increase in the occurrence of rhythmic segmentation; the tonus waves were 
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Fig. 1.—Activity of loops of ileum, jejunum, and duodenum one hour after the ingestion of 
food and before vagotomy. 
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Fig. 2.—Tracings from the same animal as in Fig. 1, one hour after the ingestion of food and 
after vagotomy. Note the decrease in intestinal activity. 


decreased in number and amplitude; the vigor of the activity was decreased 
in each segment of the intestine, and the period of activity after the meal was 
prolonged (Figs. 1 and 2). 
SUMMARY 
Vagotomy does not produce a marked effect on intestinal activity. However, 
the following differences between the normal and vagotomized animal were 
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noted. After section of the vagi a longer period of fasting was required for 
the intestine to become quiescent. The burst of activity which in the normal 
animal usually oceurs at the sight and smell of food appeared to be absent 
after vagotomy. The feeding reaction in the vagotomized dog was very slightly 
delayed and the duration was decreased. The peristaltic waves appeared to 
be less in number, of shorter duration and occurred at longer intervals of 
time. The periods of rhythmic segmentation were increased, but the rate and 
gradient phenomenon were unchanged. 

It is suggested that these findings are owing (1) indirectly to the effect 
of vagotomy upon gastric functions, such as delayed emptying time, decrease 
in acidity, and so forth, and (2) to decrease in tone of the intestine. 
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CHLOROPHYLL AS AN ADJUNCT IN THE MANAGEMENT OF THE 
PERMANENT COLOSTOMY 


JULIEN M. GoopMAN, M.D., CoLUMBus, OHIO 
(From the Department of Surgery, Ohio State University College of Medicine) 


ATIENTS with a permanent colostomy usually learn to control it in such 

a way that embarrassment from an involuntary passage of gas or feces hardl) 
ever occurs. Nevertheless, there is often a period of a number of weeks, during 
which the patient and his colostomy are ‘‘becoming acquainted,’’ so to speak. 
when an agent to deodorize the colostomy effectively would be very welcome. 
This is particularly true for patients who are able to resume their usual activi- 
ties before the colostomy is completely under control. 

Interest in this problem was stimulated by the case of a businessman who 
hesitated to return to his office solely because of the odor which he feared might 
be noticeable to others. In casting about for a suitable substance to overcome 
this problem, it seemed that chlorophyll might answer the requirements. 
Chlorophyll in solution, with a wick as an absorbent, has been widely and effec- 
tively used to remove various undesirable odors such as those which may occur 
in kitchens, public lavatories, or the sick room. Furthermore, numerous in- 
vestigators have shown that chlorophyll is harmless to living tissue, and some 
have even claimed that it exerts a beneficial effect upon wound healing. 

Chlorophyll has been extensively evaluated by numerous investigators and 
utilized in the treatment of widely varying pathologie conditions. Gruskin’ 
proved chlorophyll to be nontoxic and efficient in the deodorization of drainage 
tracts communicating with body eavities. Gahan, Kline, and Finkel’ and also 
Boehme' used chlorophyll solution and chlorophyll in water-soluble bases to 
treat chronic uleers. Smith and Livingston’? !*}1* proved its usefulness in 
wound healing by extensive analytical, experimental, and clinical studies, which 
Lam’? denied. Chlorophyll has been used to manage dermatophytosis,'” to con- 
trol oral sepsis,® to maintain wound cleanliness,® to treat burns,’ and to dress 
suppurative wounds.? Cady,* and more recently Carpenter,* have substantiated 
its efficacy in promoting wound healing. Moss and associates,’' in a recent 
report on the effectiveness of chlorophyll in wound healing and deodorant qual- 
ities, found no evidence of retardation of healing by its use, and demonstrated 
chlorophyll to be a consistent and effective deodorant of foul-smelling wounds. 

Preliminary trials demonstrated that 60 mg. of powdered chlorophyll suf- 
fice to deodorize the average colostomy for a 24 hour period. Plain dark gela- 
tin eapsules* were first prepared which contained 60 mg. of powdered chlorophy!! 
and 300 mg. of powdered activated charcoal. The patient was instructed to 
insert 1 capsule deep into the colostomy after completion of the morning irriga- 
tion and evacuation, and to use an additional capsule if any odor was noted 
during the day. Twelve patients who were tested on this regime all reported 
favorably insofar as odor was concerned. The charcoal, however, produced an 
objectionable discoloration about the colostomy orifice. 

Received for publication, Jan, 27, 1950. 
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The same 12 patients were given capsules of identical appearance contain- 
ing only the activated charcoal. Although they were not informed of the sub- 
stitution, 11 of the 12 volunteered that the capsules had apparently lost some 
of their effectiveness. On the other hand, a capsule containing 60 mg. of pow- 
dered chlorophyll and 360 mg. of colloidal kaolin seemed to be entirely satis- 
factory. Kaolin alone produced a ‘‘weak’’ effect, according to the patients. 
It thus appeared to be established that chlorophyll was the most important in- 
eredient in accomplishing deodorization. 

The chlorophyll-kaolin mixture has been used by 18 patients with permanent 
colostomies. No undesirable change in the character of the stool or in bowel 
habits has been noted by any patient, nor have there been untoward side effects 
of any description. All of the patients reported favorably upon the performance 
of these capsules, and in each instance the patient has felt secure enough in their 
use to resume his daily activities without fear of embarrassment. 

CONCLUSIONS 

1. Elimination of fecal odors may play a useful role in the early rehabilita- 
tion of some patients with a permanent colostomy. 

2. A mixture of 60 mg. of powdered chlorophyll and 360 mg. of colloidal 
kaolin in a plain gelatin capsule will apparently deodorize a colostomy for a 
number of hours if placed within the colostomy immediately after the morning 
irrigation and evacuation. 

3. The successful use of these capsules by 18 patients with permanent colos- 


tomies suggests the desirability of further clinical trial and evaluation. 
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THE EFFECTS OF HYPOCHLOREMIA UPON RENAL FUNCTION 
IN SURGICAL PATIENTS 


Irvine M. ARIEL, M.D.,* AND FLETCHER MILLER, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 
INTRODUCTION 


HE frequent occurrence of nitrogen retention as a complication of gastro- 

intestinal obstruction has evoked various theories to explain the extrarenal 
azotemia. Some believe it is the result of renal damage,'* probably from the 
liberation of toxins.’*»> Others, however, ascribe the azotemia directly to an 
associated hypochloremia,® * alkalosis,*-'° or dehydration.''~** 

This investigation was undertaken to study renal function, measuring renal 
plasma flow, the rate of glomerular filtration, and the secretory ability of the 
tubules in patients who manifested upper gastrointestinal obstruction and who 
developed hypochloremia during their clinical courses. Renal functions were 
depressed in the patients so studied. Therefore, it seemed pertinent to note 
the effects of hypochloremia per se upon kidney function. Hence subjects were 
rendered hypochloremic experimentally and renal clearances performed. The 
results of these measures form the subject of the present communication. 

PROCEDURE 

Renal clearances were performed upon three patients, each of whom de- 
veloped hypochloremia during the clinical course. The renal tests were re- 
peated usually after replacement therapy had corrected the hypochloremia. 

In three additional patients, chloride deprivation was produced by the 
continuous withdrawal of gastric contents through an indwelling gastric tube 
attached to gastric suction. In the first two patients, gastric secretion was 
stimulated by the subeutaneous injection of 0.5 mg. of histamine three times 
per day. In the third patient gastric secretion was stimulated by the oral in- 
gestion of 30 ml. of 7 per cent ethyl aleohol every four hours during waking 
hours. 

An average of four to six days on the gastric aspiration regime was re- 
quired to render the patients hypochloremic. During this period they were 
permitted to eat a salt-free diet with the gastric tube clamped for one hour 
after each meal. Each patient was given an adequate amount of fluid intra- 
venously, as 5 per cent dextrose in distilled water, in an attempt to avoid the 
factor of dehydration. 

As the patients developed hypochloremia, they generally suffered from 
lethargy, anorexia, nausea, increased irritability, and at times abdominal pain. 
After the renal clearance tests had been performed the patients were given 
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from 13.5 Gm. to 27 Gm. of sodium chloride as normal saline solution intra- 
venously each day until the serum chlorides were normal. This was accom- 
plished usually in two to three days and renal clearance studies were repeated. 

No other metabolic irregularities were present in any of the patients, ex- 
cept in two, cases 1 and 6, who manifested anemia. 


METHODS 


The patients were maintained in a basal state on the day the renal tests 
were performed. Water was permitted ad lib. to insure adequate diuresis. 

Kidney function tests were performed by the multiple period methods de- 
vised by H. W. Smith.'* 7° Glomerular filtration rate was determined as the 
sodium thiosulphate clearance, and the effective renal plasma flow as the sodium 
para-aminohippurate (PAH) clearance. Tubular function was studied by the 
saturation technique, that is, the maximal tubular secretory capacity for sodium 
para-aminohippurate (Tm PAH). Analyses were performed upon plasma fil- 
trates according to the method of Fujita and Iwatake, and upon diluted aliquots 
of eatheterized urine as deseribed by Goldring and Chasis.'° Para-amino- 
hippurate was determined by the method deseribed by Smith and associates.'® 
Sodium thiosulfate was performed by the method of Gilman and co-werkers."* 

The values expressed usually represent the average of three clearance 
periods, except occasionally, when technical difficulties precluded obtaining data 
for the three clearances. All results are corrected in proportion to surface area, 


and the final figure is expressed in terms of the surface area of ideal man 


(1.73 square meters). 

Normal effective renal plasma flow is reported at 697 + 135.9 ml. per minute 
for males and 594 + 102.4 ml. per minute for females.'* 

Glomerular filtration rate in the normal male is 131 + 21.5 ml. per minute, 
and for the normal female it is 117 + 15.6 ml. per minute.’* The normal value 
for Tm PAH is 77.5 + 12.9 mg. per minute for both sexes.'* The patients were 
weighed each morning. 

Serum chlorides were determined by the method of Schales and Schales.’” 
The normal range is between 100 and 106 meq. per liter. 

The carbon dioride combining power of the serum was ascertained by the 
technique of Van Slyke and Cullen.” Normally, this ranges from 22 to 27 meq. 
per liter. 

Serum proteins were determined by the technique of Weichselbaum.?* 

Blood urea nitrogen was measured by the method described by Peters and 
Van Slyke,?? and adopted for the Evelyn colorimeter. Hematocrit values were 
obtained by centrifuging samples of whole blood at 3,000 revolutions per minute 
for 30 minutes. 

RESULTS 


The course of each patient is presented separately. 
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Group I. Patients Who Developed Hypochloremia During Their Clinical 
Courses 


Case 1.—The patient, H. O., a 68-year-old white man, had symptoms consisting of loss 
of appetite, weakness, and a thirty-pound weight loss of three months’ duration. Physical 
examination on admission to the hospital revealed a weak, pale man. A roentgenologi: 
study of the gastrointestinal tract demonstrated an almost complete obstruction of the 
stomach by a large meniscus-shaped filling defect involving the lesser curvature. 

The laboratory findings on admission were not remarkable. The gastric contents 
contained 68 degrees of free acid on histamine stimulation. The hemoglobin was 12 Gm. 
per cent. Serum chloride was 94 meq. per liter and the carbon dioxide combining power 
25 meq. per liter. 

Because of the marked gastric distention the patient was treated with continuous 
gastric suction by means of an indwelling stomach tube. Copious quantities of gastric 
secretion were aspirated, and, despite the intravenous administration of large quantities 
of chloride-containing fluid averaging 19 Gm. of sodium chloride daily, he developed hypo- 
chloremia and alkalosis (Chart 1). This was eventually corrected by withdrawal of the 
gastric tube and continued administration of sodium chloride. Ten days after admission, 
at which time the blood chemistries were normal, a subtotal gastrectomy was performed 
for a benign gastric ulcer. 

Renal clearance studies were performed on the fifth day after admission, at which 
time the serum chloride revealed 93 meq. per liter and the carbon dioxide combining power 
was 36 meq. per liter (Chart 1). 

Since the renal clearance tests were performed after corrective fluid therapy had 
been instituted and the blood chemistries were improving, the possibility exists that the 
renal functions might have been depressed further when the patient was in a more severe 
state of hypochloremia. 

The tests were repeated five days later, at which time the serum chloride was 98 
meq. per liter and the carbon dioxide combining power 22 meq. per liter. There was im- 
provement in the glomerular filtration rate, which increased from 111.6 ml. per minute, 
when the patient was hypochloremic, to 145 ml. per minute as the blood chemistries ap- 
proached normal. Renal plasma flow increased somewhat also as the hypochloremia was 
corrected. 

Immediately following surgery, renal plasma flow increased still higher. The renal 
plasma flow was 543.6 ml. per minute when the patient was hypochloremic but rose to 
622.3 ml. per minute subsequent to surgery when the blood chemistries were normal. 


CasE 2.—The patient, L. S., a 50-year-old white man, presented a history of post 
prandial substernal burning of ten months’ duration, and dysphagia with inability to 
swallow solid food of one month’s duration. There had been a recent weight loss of 
twenty pounds and increasing fatigability since the onset of symptoms. 

A diagnosis of carcinoma of the esophagus was established by esophagoscopic ex- 
amination and biopsy. The pertinent features pertaining to the fluid exchange and the 
essential laboratory findings are presented in Chart 2. 

It may be noted that on admission the serum chloride was 100 meq. per liter. The 
carbon dioxide combining power was 25 meq. per liter, and the blood urea nitrogen was 
11 mg. per cent. 

Because of obstruction and signs of gastric distention he was treated by continuous 
gastric aspirations through an indwelling stomach tube, and was operated upon six days 
after admission through an abdominal and a right thoracie incision. A partial esophagec- 
tomy was performed, followed by an esophagogastrostomy. 

Subsequent to surgery, the patient’s course was marked by a hypochloremia of 76 
meq. per liter (Chart 2). 

Renal clearance studies performed while the patient was hypochloremic revealed that 
the renal plasma flow was 346.4 ml. per minute and the glomerular filtration rate 73.9 mi. 
per minute. The filtration fraction was 21.1. 
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(Case 1).—Effects of serum chloride concentration upon renal plasma flow and 
glomerular filtration rate. 
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2 (Case 2).—Improvement in renal plasma flow and glomerular filtration rate after 
correction of hypochloremia. 
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After the hypochloremia had been corrected, the renal plasma flow increased to 450.7 
ml, per minute, and an increase in the glomerular filtration rate to 103.5 ml. per minute 
was observed. 
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Chart 3 (Case 3).—Demonstrating depression of renal flow and glomerular filtration rate 
while patient was in a state of hypochloremia. 

Case 3.—B. B., a 51-year-old white man, was admitted to the University Hospitals 
with a five-month history of severe vomiting, hematemesis, gnawing epigastric pain, and 
a loss of thirty pounds in weight. Roentgenograms revealed a large, infiltrating, stenosing 
lesion in the distal one-half of the stomach which was diagnosed as carcinoma. 
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On admission to the hospital, the laboratory studies were as follows. Hemoglobi: 
was 15.2 Gm. per cent, hematocrit 45.5 per cent, and the carbon dioxide combining powe: 
29 meq. per liter, although the serum chloride was depressed to 84 meq. per liter. Th: 
patient was operated upon seven days after admission and a subtotal gastrectomy and 
partial transverse colectomy were performed. Despite the presence of hypochloremia 
during the immediate postoperative phase (serum chloride was 64 meq. per liter), he mad: 
an uneventful recovery and was discharged on the seventh postoperative day, at which 
time the hypochloremia had been corrected (Chart 3). 

Renal clearance studies performed during the immediate pre- and postoperative 
states, when the patient was hypochloremic, demonstrated noteworthy decreases in renal 
plasma flow (169.4 and 160.2 ml, per minute) and glomerular filtration rate (64.6 and 
64.2 Gm. per minute). Tm PAH was at the lower limit of normal (63.7 mg. per minute) 
on one occasion and subnormal (55 mg. per minute) when the test was performed post- 
operatively at the time the serum chloride was 64 meq. per liter. 

Each of these three patients revealed depressed renal function when he was hypo 
chloremic. When the hypochloremia was corrected, improvements in renal clearances 


were observed. 


Group II. Patients Who Were Rendered Hypochloremic Experimentally 
to Note the Effects Upon Renal Clearance 


CasE 4.—L. G., a 53-year-old white man, was admitted to University Hospitals he 
cause of severe hematemesis due to a duodenal ulcer. 

Two days after admission a salt depletion regime was instituted by the continuous 
aspiration of gastric secretion stimulated by histamine. After seven days of salt with 
drawal, the serum chloride had descended from an admission value of 101 meq. to 80 meq. 
per liter, and the carbon dioxide combining power was 38 meq. per liter, having risen from 


26 meq. per liter. During the hypochloremic state the renal plasma flow was 461 ml. per 


724.6 ml. per 


minute, having decreased 36 per cent from the prehypochloremic state of 
minute. 

A mild decrease in glomerular filtration rate was observed also, declining from 126 
ml, per minute during the prehypochloremic state to 105 ml. per minute when the patient 
was hypochloremic. <A slight increase in the filtration fraction from 17.4 to 22.8 occurred 
during hypochloremia. This patient further. demonstrated a depression of the tubular 
excretory function, which had diminished from the value of 80.7 mg. per minute on ad 
mission to 59.8 mg. per minute after the patient had been rendered hypochloremic. All 
determined renal functions again returned to higher leve!s when the hypochloremia had 


been corrected during the postoperative phase (Chart 4). 


CasE 5.—C. B., a 49-year-old white man, was admitted to University Hospitals with a 
history of melena of fifteen days’ duration and a weight loss of fifteen pounds during the 
preceding month. A diagnosis of carcinoma of the rectosigmoid was established by histo- 
logic examination of the sigmoidal lesion. 

Five days after admission the patient was placed upon a salt depletion regime with 
the continuous aspiration of gastric contents stimulated by 0.5 mg. histamine three times 
per day. 

The pertinent data concerning this patient are presented in Chart 5. It may be 
noted that the serum chloride decreased from an admission value of 108 meq. per liter to 
a low level of 79 meq. per liter. There was an associated increase in the carbon dioxide 
combining power from 27 meq. per liter to 35 meq. per liter. The gastric secretion during 
the first two days of depletion contained 6.2 Gm. of sodium chloride per liter. During the 
three last days of the depletion regime, during which time hypochloremia persisted, the 
gastric contents contained 5.9 Gm. of sodium chloride per liter. This demonstrates that 
the quantity of chloride within the gastric secretion is not dependent upon the serum 
chloride concentration.1° The quantity of chloride in the urine decreased rapidly as the 
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Chart 4 (Case 4).—Demonstrating the effects of induced hypochloremia on renal plasma 
flow and glomerular filtration rate and improvement of renal functions with correction of 
hypochloremia, 
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Chart 5 (Case 5).—Illustrating effects of hypochloremia on certain renal functions. 
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Chart 6 (Case 6).—Demonstrating marked alterations in renal plasma flow resulting during 
induced alterations in serum chloride concentration. 
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depletion state was induced, At the onset of the test the urine contained 5.9 Gm. o1 
sodium chloride per liter, whereas toward the completion of the test, when the plasm: 
chlorides had descended to 79 meq. per liter, the concentration of urine sodium chloride 
was 0.2 Gm. per liter. 

It is estimated that 54 Gm. of salt were withdrawn from the patient during the 
six days of gastric suction. A significant weight loss of 6 kg. developed during the salt 
depletion regime, despite the intravenous administration of copious quantities of fluid. 

When the patient was hypochloremic, the renal plasma flow was depressed to 423.3 
ml. per minute, which increased to a normal value of 561.3 ml. per minute when the hypo 
chloremia was corrected. The glomerular filtration rate was likewise depressed to thie 
subnormal value of 77.1 ml. per minute. Although improvement in glomerular filtration 
rate occurred with correction of the blood chemistry (90.0 ml. per minute) it did not reach 
a normal level. 


CasE 6.—V. C., a 65-year-old white woman, was admitted to the University Hos 
pitals with large bowel obstruction due to an adenocarcinoma of the splenic flexure. Five 
days after admission, she was placed on a salt depletion regime by continuous aspiration 
of the gastric contents through an indwelling stomach tube. Gastric secretion was 
stimulated by the oral ingestion of 30 ml. of 7 per cent ethyl aleohol every four hours. 
An adequate fluid intake was maintained on this regime for nine days, during which time 
3,300 ml. of gastric juice were aspirated, containing an average of 4.4 Gm. of sodium 
chloride per liter. The patient’s serum chlorides decreased from 105 meq. per liter to 72 
meq. per liter. The carbon dioxide combining capacity rose from 21 meq. per liter to 
38 meq. per liter. When the patient was hypochloremic and alkalotic, renal function 
studies revealed that the renal plasma flow was the low value of 111 ml. per minute and 
glomerular filtration rate was 51.3 ml. per minute. Renal clearance studies performed 
when the serum chloride value was normal demonstrated a marked improvement in renal 


plasma flow to 732 ml. per minute (Chart 6). 


DISCUSSION 


The data herein presented demonstrate that all patients suffering from 
hypochloremia of this series have depressed renal plasma flow and a decreased 
rate of glomerular filtration. Alterations in filtration fraction were not re- 
markable, but the secretory capacity of the tubules was subnormal in two of the 
five instances where determinations were performed. Marked increases in the 
blood urea nitrogen did not accompany the hypochloremic state but moderate 
to severe alkalosis was usually a concomitant feature. 

The association between hypochloremia and renal dysfunction has been 
discussed since 1904, when Nazari described calcium deposition in the kidneys 
of patients dying from pyloric stenosis.** Since then, reports of pathologic 
changes in the kidneys by Brown, Eusterman, Hartman, and Rowntree,’ who 
called the pathologie entity ‘‘toxie nephritis,’’ and Cook,* Zeman,?* Martz,* 
Gomori,'* and Nicol?® have focused attention upon the relationship between 
pylorie obstruction and renal damage. As a result, various theories have been 
promulgated to explain the pathogenesis of the renal lesions. 

Certain investigators believe the renal damage results from the liberation 
of toxins,? probably end products of protein catabolism.° 

The observation that hypochloremia causes nitrogen retention, even in the 
absence of gastrointestinal obstruction,” has led to the belief that chloropenia 
diminishes kidney function and causes an increase of the blood nonprotein 


nitrogen.‘ 
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Also, azotemia associated with alkalemia produced by the ingestion of al- 
kali has been ascribed to a concomitant hypochloremia, and improvement in 
renal function occurs with correction of the chloropenia by sodium chloride 
administration.?’ 

The mechanism by which a decreased serum chloride evokes an increased 
blood urea nitrogen has been commented upon but remains enigmatic. Some of 
the explanations offered are as follows. The increased blood urea nitrogen is 
a means whereby the body conserves urea by reabsorbing it through the renal 
tubules to substitute for the depleted plasma chloride to help maintain osmotic 
pressure.’ This explanation is unlikely, however, because urea diffuses freely 
to all body tissues (both intra- and extracellular) and hence would not aid 
materially in maintaining osmotic pressure of the plasma or the extracellular 
compartment. 

The explanation has been advanced that hypochloremia per se damages the 
kidney?’ or causes functional alterations with depressions of urea clearance”* 
and creatinine, sucrose, and insulin clearances.”® 

Other investigators present evidence that the essential factor which dis- 
rupts renal function is not the hypochloremia but an associated dehydration." 
Dehydration may induce azotemia by hemoconecentration, increasing protein 
catabolism with the liberation of increased quantities of nonprotein nitrogen,’° 
or diminishing kidney function by decreasing the rate of circulation,’® *° or 
depressing the filtration rate.’* *° 

In order to substantiate the hypothesis that dehydration is the responsible 
agent, Kirsner®’ has produced hypochloremia experimentally without azotemia 
and has shown that in severe acute alkalosis without depletion of fluid no im- 
pairment of urea and creatinine clearance occurred. His data, however, are 
not conclusive in vindicating hypochloremia as an etiological factor in diminish- 
ing renal function. 

When the electrolytic imbalance is corrected, renal function returns to 
normal. The return of renal function to normaley may be rapid, as MeCance 
and Widdowson,”® using creatinine, insulin, and other clearances, and Cope,** 
utilizing urea kidney clearances, have demonstrated, or it may be delayed for 
Several months as observed by Berger*? and Jeghers and Lerner.** 

It appears accordingly that the kidney changes are reversible and suggests 
the alterations are of a functional nature in response to altered chemical changes 
and that structural damage does not necessarily accompany or cause the fune- 
tional derangement. 

The results of this investigation substantiate the reports that hypochloremia 
induced by the withdrawal of salt-containing fluid depresses renal function. 
The pathogenesis of the hypochloremia in the two groups of this series was 
essentially the same, namely, withdrawal of chloride-containing gastric juice. 
The data demonstrate that depletion of chloride-containing fluid is the etiological 
factor for the production of the renal depression and that other factors, such 
as absorption of toxins, are not necessary to explain renal dysfunction. No 
relationship was observed between the degree of hypochloremia and the sup- 
vression of renal clearance. 
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In prolonged cases of severe gastric obstruction or prolonged hypochloremia, 
other factors may contribute to cause a damaged kidney with evidence of patho- 
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logie anatomy.” * 

These investigations further demonstrate the nature of the kidney ab- 
normalities, namely, decreased effective renal plasma flow, decreased glomerular 
filtration rate, and in certain instances decreased efficiency of the tubular ex- 
eretory mechanism (Table I). Estimation of renal blood flow from hematocrit 
values demonstrates that improvement of the blood flow of the kidneys occurred 
also in all instances where hypochloremia was corrected (Table IT). 

It is of interest that marked azotemia did not result from the diminished 
renal function, and whether prolongation of the hypochloremia would have re- 
sulted in increased nonprotein nitrogen is problematiecal.' 

The rapid improvement in the observed renal functions after correction of 
the abnormal electrolytic balance is further evidence that the altered physio- 
chemical status was responsible for the renal dysfunction. The values for the 
renal plasma flow, glomerular filtration rate, and tubular mass (Tm PAH) did 
not always return to a normal value, and it is probable that a longer period of 
time was necessary for the kidneys to regain normal function.*® ** 

It is beyond the scope of these data to distinguish whether hypochloremia 
per se or associated dehydration produced the renal alterations. That dehydra- 

TABLE II. Errect or HyPOCHLOREMIA UPON RENAL BLOOD FLOW 
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tion did occur is suggested by the weight loss of all patients rendered hypo- 
chloremic. The withdrawal of gastric contents which contain, in addition to 
hydrochloric acid, sodium,** and to a lesser extent potassium, results in loss of 
the cations with a depletion of total plasma electrolytes.** In the absence of 
sufficient quantities of osmotically active ions fluid cannot be retained, and, 
despite the adequate administration of water, dehydration occurs.** The para- 
doxieal state of an increased urine output in the presence of water need develops 
and a dehydration, not of deprivation but of depletion, results. 

Volume studies performed upon one patient (Case 6) this series, when 
hypochloremia existed, revealed a decrease in blood volume, plasma volume, and 
extracellular space, which condition was corrected solely by the administration 
of saline-containing fluid. Hyponatremia and slight diminution of serum po- 
tassium accompanied the chloropenia (Table IIT). 


TABLE IIIT. VOLUME STUDIES* DURING HYPOCHLOREMIA 








(MEQ. PER LITER) EXTRA- 





| CO, CEL- WEIGHT 
| CcOM- BLOOD | PLASMA | LULAR | OF PA- 

| BINING VOLUME} | VOLUME} | SPACE§ | TIENT 
CL | POWER | NA+ K+ | (LITERS) | (LITERS) | (LITERS) | (KG.) 


Period of normal blood 104 30 148 3.4 — _- — 50.2 
chloride 
Hypochloremia 72 38 127 2.5 3.8 2.16 6.9 46.1 
Hypochloremia corrected 106 31 153 3.7 4.8 3.5 9.3 48.4 
*These volume studies were performed upon a patient (Case 6) at the same time renal 
clearance tests were performed. 
TWhole blood volume was computed from hematocrit values. 
¢Plasma volume was measured by Evans blue dye. 
§Extracellular space was measured by sodium thiocyanate. 


| SERUM ELECTROLYTES 
| 
| 
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Accordingly it is important from a clinical standpoint to recall that in all 
cases of hypochloremia which result from loss of body fluids (such as loss of 
gastric juice) a concomitant dehydration of depletion develops despite the ad- 
ministration of copious quantities of ionie-free fluids in addition to an abnormal 
distribution of the available fluid.*’ In such conditions, renal plasma flow, 
glomerular filtration rates, and, in some instances, tubular excretory mechan- 
isms are depressed. 

Within recent years, as a result of observations concerning the dangers of 
excess saline administration to surgical patients,*® ** certain surgeons have 
leaned in the opposite direction and tend to maintain their patients hypo- 
chloremie, The observations herein described focus attention to the abnormal 
fluid distribution and depression of renal functions which are associated with 
hypoechloremia and emphasize the desirability of maintaining as normal a 
postoperative physiologic balance as possible in the patient. 


SUMMARY AND CONCLUSIONS 


1. Renal plasma flow and glomerular filtration rates were depressed in six 
patients with hypochloremia. Three of the patients suffered from upper gastro- 
intestinal obstruction and developed hypochloremia during their hospital course. 
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Three additional patients were rendered hypochloremiec experimentally by th: 
continuous withdrawal of gastric juice and their renal clearances simulate 
those in the patients whose hypochloremia developed during therapy for gastri: 
obstruction. 

The altered renal function is the result of an abnormal physiochemica 
balance. 

2. Improvement occurred in effective renal plasma flow and glomerular 
filtration rate when chloropenia was corrected by the intravenous administration 
of isotonic solutions of sodium chloride. 

After correction of hypochloremia, although improvement occurred, in 
two of six observations the renal plasma flow did not reach normal value and 
in two of five instances glomerular filtration rates remained subnormal. 

Accordingly, in certain instances depressed renal function may persist for 
a variable period after correction of the diminished serum chloride. 

3. The excretory capacity of the tubules (Tm PAH) was subnormal in two 
of five determinations during hypochloremia. In the one instance in which a 
depressed Tm PAH existed during hypochloremia and studies were performed 
after correction of hypochloremia, improvement of tubular excretion occurred. 
Tm PAH accordingly, is not uniformly depressed by hypochloremia. 

4. These data do not contribute in distinguishing whether or not hypo- 
chloremia per se, a concomitant dehydration, or a combination of factors con- 
tributes to the depression of renal function. 

5. Certain clinical implications of these observations as they pertain to the 
surgical patient are discussed. 
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MECONIUM PERITONITIS 


CHARLES HuGcu Macutre, M.D.,* anp WiLLiAM Ray Moore, M.D., 
LOUISVILLE, Ky. 


ERITONITIS in the newborn infant due to single or multiple perforations 

of the intestinal tract in utero with an outpouring of meconium into the 
peritoneal cavity is a relatively uncommon entity; however, it apparently occurs 
with enough frequency to warrant bringing the condition to the attention of 
the general practitioner, obstetrician, and pediatrician. It is probably true that 
some cases of meconium peritonei go unrecognized until surgical intervention 
is useless and hopeless. We hope to bring out a few pertinent factors that may 
help induce earlier recognition of the condition so that surgical correction may 
be carried out before the newborn infant is in extrenvis. 

Meconium peritonitis is a sterile chemical peritonitis in contradistinction 
to bacterial peritonitis of the newborn infant, which does occasionally oceur. 
As brought out by Williams and DeLee,” meconium is composed of desquamated 
epithelial cells, bile pigments and bile salts, and sebaceous material from aspi- 
‘ated amniotic fluid and gastrointestinal juices. Antipartum eseape of meco- 
nium into the peritoneal cavity will thus result in a purely chemical peritonitis. 
If, however, perforation of the bowel occurs 36 to 48 hours post partum, then 
bacterial peritonitis may occur, since contamination of the intestinal tract of 
the newborn infant occurs a relatively few hours after birth. 

It is of interest to note the time of appearance of meconium in the embryo. 
Mall* described meconium in the cecum of a 130 mm. embryo, while others listed 
the second trimester as the time of appearance of meconium. In some eases, 
the time of appearance of the meconium might be of some importance in an 
attempt -to determine the approximate time of rupture of the intestine and leak- 
age of meconium into the peritoneal cavity. 

ETIOLOGY 

There is apparently no single adequate explanation as to the cause of me- 
conium peritonitis. A number of conditions have been listed as etiological fac- 
tors but no single factor is sufficient to explain all of the reported cases. 

Meconium ileus, an entirely different entity, has been repeatedly reported. 
Adamson and Hild,* Dodd,® Kornblith and Otani,® Bronough and Lattimer’ 
reported cases of meconium ileus and/or intestinal obstruction without per- 
foration of the intestinal wall at any point. At the time of autopsy it was found 
that the meconium was quite firm and almost puttylike in consistency. In many 
of these cases there was either obstruction of the pancreatic ducts by inspissated 
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meconium or congenital stenosis of the ducts. Regardless of the cause of obstruc- 
tion of the pancreatic ducts, it is now known that if no pancreatic juices pass 
into the intestinal tract the meconium will assume this firm, puttylike character. 

With this factor in mind, it is easy to visualize a combination of factors 
that would result in prenatal perforation of the intestinal tract and resultant 
meconium peritonitis. If there were partial or complete obstruction of the 
small bowel, secondary to atresia or congenital diaphragms, and partial or com- 
plete obstruction of the pancreatic ducts, then a set of circumstances is present 
which might produce meconium peritonei. Hard, puttylike meconium would 
be propelled against the partially or completely obstructed segment of intestine 
by the peristaltic force of the proximal bowel; then, either necrosis of the bowel 
wall due to constant pressure by the hard meconium, or actual explosion of a 
blind pouch might occur with resulting meconium peritonitis. On the other 
hand, with a single, completely obstructed segment low in the ileum, it might 
seem possible that normal meconium could be thrust against such a barrier over 
a period of time with enough force so that eventual necrosis of the bowel wall, 
perforation, and peritonitis would follow; however, there is adequate evidence 
that with normal meconium and normal structure of the bowel wall proximal 
to or at the point of partial or complete obstruction, perforation of the bowel 
wall does not necessarily follow. Davis and Poynter* collected 401 cases of 
congenital atresia or obstruction of the small bowel and colon in which there 
was no perforation of the proximal segment. The areas of obstruction were as 
follows: duodenum above ampulla, 59; duodenum below ampulla, 75; jejunum, 


60; ileum and cecum, 101; colon, 39; and multiple areas, 67. This group did 
not include any cases of rectal or rectosigmoid obstruction. 


It must be realized that in this remarkable group, collected by Davis and 
Poynter, in which no perforations had occurred, obstruction had been complete 
since formation of the lumen of the intestine in the embryo; it must follow that 
perforation of the bowel wall does not occur unless there is some congenital 
weakness in the involved portion of small bowel and/or partial or complete 
obstruction of the pancreatic ducts so that the meconium becomes hard and 
puttylike. 

Lattes’? and Boikan'® have felt that antipartum perforation of the ileum 
has been due to marked hypertrophy of the glands of Lieberkiihn so that the 
apices of the glands reached the serosa of the bowel, together with congenital 
weakness of the muscle coats of the intestinal wall. 

Lattes reported pseudomyxoma peritonei in a case of fatal meconium peri- 
tonitis. The mother had begun to have evidence of polyhydramnios at about 
8 months and delivered a 3,980 Gm. baby that measured 40 em. at the umbilicus. 
It was noted at the time of delivery that the amniotic fluid was stained and 
slightly foul. The infant died soon after delivery and an autopsy showed per- 
foration of the ileum. Microscopic examination of the wall of the ileum close 
to the point of perforation revealed marked hypertrophy of the glands of Lieber- 
kiihn and thinness of the muscle coats of the intestinal wall. Boikan reported 
one ease of antipartum rupture of the ileum in which there had been perforation 
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of the ileum 60 em. proximal to the ileocecal valve. Here again, there was hyper 
trophy of the glands of Lieberkiihn and thinness of the muscle coats of th 
intestinal wall. There was also a marked increase in the amount of lymphoid 
tissue in the wall of the ileum at the point of perforation. Boikan included 
an extensive review of the literature. 

Markowitz and Loar™ reported a case in which there had been multiple 
pin-point perforations of the jejunum. At the time of autopsy it was found, 
on microscopic section, that there was a marked overgrowth of lymphoid tissue 
in the wall of the involved jejunum. It may be a debatable point in this reported 
ease whether the perforations were secondary to the overgrowth of lymphoid 
tissue or the increase in lymphoid tissue was secondary to the perforations. 

Markowitz and Loar also mentioned trauma as a possible cause of meconium 
peritonitis. Their patient was about 6144 months pregnant when she was acci- 
dentally kicked in the abdomen by her 77-year-old son. She had immediate severe 
pain and almost went into shock. She recovered in about 24 hours. In the 
following 3 weeks she developed evidence of polyhydramnios, and at about 8 
months of gestation she went into labor and was delivered of this child. Death 
of the infant occurred about 24 hours post partum. 

Farr and Brunkow” also mention congenital bands, atresia, and volvuli 
as possible etiological factors. 


CASE REPORT 


We are reporting a single case of meconium peritonei in which there had 
been spontaneous rupture of the ileum in utero at a point approximately 15 em. 
proximal to the ileocecal valve. 


Mrs. E. H., 26 years of age, first pregnancy, had expected the date of confinement to 
be about Jan. 18, 1948. There had been fairly normal abdominal enlargement during the 
sixth month of pregnancy. During the early days of the seventh month there had been rather 
marked enlargement of the abdomen. At about 7 months and 3 weeks she went into labor 
suddenly and after 20 hours of labor, from a right occipitoanterior position, delivered a 4 
pound, 8 ounce male child. The obstetrician (W. R. M.) noticed 3 important factors: first, 
there was an unusually large amount of amniotic fluid for this size child; second, the amniotic 
fluid was slightly brown-tinged and had a faintly fetid odor; third, the abdomen of the 
infant was moderately distended. 

The delivery was completed at 3:35 P.M. on Dec. 15, 1947. During the night, the infant 
vomited parts of his formula and on the following morning it was found that there was 
moderate distention present, and percussion elicited a flat note throughout the abdomen. A 
left indirect inguinal hernia was present. X-ray examination revealed 2 important findings: 
first, there was free air in the peritoneal cavity (Fig. 1); second, small flecks of calcium and 
several larger strips of calcium were visualized scattered throughout the peritoneal cavity 
(Fig. 2). 

An operation was carried out approximately twenty-eight hours post partum. 
the induction of very light ether anesthesia, the abdomen was opened through an incision 
splitting the right rectus muscle. Upon incising the peritoneum, a pseudocyst wall was en 
countered, which measured approximately 6 mm. in thickness. This pseudocyst wall was 
apparently made up of inspissated meconium and fibrin and, upon opening, was found to 
contain approximately 600 ¢.c. of thin meconium. Further exploration revealed the liver, 
stomach, and spleen to be displaced upward and enveloped by a similar covering. The entire 
intestinal tract was displaced posteriorly and lay in both iliac fossae, the individual loops of 
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Fig. 2.—Upright abdominal film showing strips of calcium. 
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bowel being matted together and covered with this inspissated meconium and fibrin. In tly 
right lower quadrant of the cystlike cavity there were 2 open ends of ileum, about 5 mm 
apart, protruding into the cystlike cavity and appearing much like a double-barrelled ente: 
ostomy. This area was gradually dissected free and the point of spontaneous rupture and 
complete division was found to be approximately 15 cm. proximal to the ileocecal valve. 
Anastomosis of the 2 ends of ileum was carried out using No. 000000 catgut sutures in the 
inner tier and 000000 silk as the outer tier of sutures. The abdomen was then closed in layers 
after partial removal of the fibrinomeconial layer of pseudocyst wall. 

The infant had a fairly stormy course for 3 days and then apparently began to improve. 
On the seventh and eighth postoperative days he took all of his formula, and he had begun 
to pass small meconial stools. On the evening of the eighth day, he began to lose ground 
rather rapidly and died on the ninth postoperative day. Unfortunately, an autopsy was 
not obtained. 


It was of interest at the time of operation to find that the mucosa of the 
distal segment of ileum had not been stained by meconium and was partially 
filled with a cheesy material resembling vernix caseosa. Apparently true me- 
conium had never been in this distal segment. It would have been of interest 
to have obtained an autopsy in order to determine the patency of the pancreatic 
ducts. It is true that the meconium in the pseudocyst was quite liquid, but 
chemical irritation of the peritoneum would have caused an outpouring of a 
transudate of sufficient quantity to dilute the meconium had it been firm and 
puttylike. 

The exact mechanism of the production of meconium peritonei is not clear 
in this case; however, apparently there was present a given set of circumstances 
which produced actual and complete explosion of the involved segment of ileum. 

Comment.—We have presented a single case of meconium peritonei and 
have attempted to correlate some of the theories in regard to the etiology of the 
condition. Apparently, one of the most constant findings, as brought out by 
Neuhauser,'* is the roentgenologie one of flecks of calcium seattered throughout 
the peritoneal cavity. Strangely enough, there is no definite time relationship 
between the outpouring of meconium into the peritoneal cavity and the formation 
of these caleium flecks and strips. Some authors believe that such calcium can 
be deposited within as short a time as 48 hours. 

The early diagnosis of meconium peritonei is not difficult if several impor- 
tant factors are kept in mind: 

1. Discoloration of the amniotic fluid and the presence of a fetid odor 
should put the obstetrician on his guard. 

2. Abdominal distention in a newborn infant is a finding that cannot be 
ignored. Antipartum perforation of a gastric or duodenal ulcer and polycystic 
kidneys are other conditions that will have to be considered in a differential 
diagnosis. 

3. Vomiting and the absence of meconial stools in a newborn infant indicates 
that the intestinal tract is obstructed or is not in continuity. 

4. The roentgenologiec findings are almost pathognomonic. Flecks and 
streaks of calcium throughout the peritoneal cavity are entirely characteristic. 
Free air in the peritoneal cavity is sufficient evidence that perforation of the 
intestinal tract has occurred and that surgical intervention is obligatory. 
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5. It is possibly true that meconium peritonei may be one factor responsible 
for the production of polyhydramnios and premature labor. This was seen in 
our ease and in the cases reported by Lattes and by Markowitz and Loar. 


SUMMARY 


1. A case of meconium peritonitis is presented with positive physical, x-ray, 
and operative findings. 

2. Etiological factors are discussed. 

3. Emphasis is placed on findings which may lead to an early post-partum 
diagnosis and prompt surgical correction. 
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BOECK’S SARCOID OF THE PANCREAS 
JOHN F’. CurRAN, JR., M.D.,* AND JOHN F’. CuRRAN, Sr., M.D.,+ 
WoORCESTER, Mass. 


(From the Worcester City Hospital) 


penne sarcoid as a generalized disease is readily recognized from its 
clinical and laboratory findings. However, when the disease is restricted 
to a single organ, the manifestations are then masked and the diagnosis is not 
readily reached. Certain syndromes of this disease entity have been classified 
according to the organs involved, which has facilitated the clinical evaluation. 
However, a rather extensive survey of the literature failed to reveal case re- 
ports of sarcoidosis restricted to the confines of the pancreas. The case to be 
presented was one which presented surgical manifestations and tested our diag- 
nostie acuity. 
HISTORY 

The following is a brief summary of the literature on Boeck’s sareoid from 
the historical standpoint. Besnier, in 1889, first described an entity with 
lesions involving the ears, nose, and fingers, which he named lupus pernio. 
Later, in 1899, Boeck' described the lesions of the mucous membranes, skin, 
and lymph nodes as sareoid. Heerfordt, in 1909, classified uveoparotid fever, 
which only recently was recognized to be a form of sarcoidosis.” * * Not until 
1914 did Schaumann appreciate that Boeck and Besnier indefinitely described 
various manifestations of the same generalized disease which had a specificity 
for the lymphatie and hemopoietic systems.* ™ 


INCIDENCE 


No age group has been spared of the disease, although the majority of cases 
have fallen within the second to the fourth decades. To date the Negro popula- 
tion has had a slightly higher incidence. 


PATHOLOGY 


The pathologie lesion is a microscopic collection of epithelioid cells due to 
the proliferation of histiocytes. Occasionally a cell of the Langhans’ giant type 
is found with acid-stain inclusion bodies. It is generally believed that necrosis 
and caseation do not oceur and a reticulum persists. Tubercle bacilli are not 
isolated, and lymphocytes, though they may be present peripherally, are not 


conspicuous. The lesions exhibit a tendency toward slow healing by fibrosis 
and hyalinization.* !"> 1° 

Various groups of well-known syndromes have been described because of 
a combination of organ involvement such as uveoparotid fever, Mikuliez syn- 
dromes, and osteitis multiples eystoides, but apparently no organ has immunity 
to attack from sarcoidosis. The lymph nodes, in particular the cervical, axillary, 
mediastinal, and inguinal, are the most commonly effected. Pulmonic involve- 
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ment is frequent and has been classified according to the x-ray impression. Ap- 
proximately 35 per cent of the patients exhibit skin manifestations, and the 
incidence of bone involvement is 25 per cent. Splenomegaly occurs in about 
25 per cent of the cases, with hepatomegaly in 15 per cent. The eye becomes 
involved in 50 per cent, though it is not always restricted to the uveal tract. 
The parotid gland and mucous membranes are affected to an incidence of 10 
per cent, and the systemic manifestations may involve with lesser frequency the 
myocardium, breasts, spinal cord, brain, thyroid, small intestine, pituitary 
gland, and gastrointestinal tract, including the testes and epididymis.” ® ® 


CLINICAL COURSE 


The course may be one of an acute episode with remission into a subacute 
or chronic phase. Regression may be interrupted by an exacerbation with new 
generalized manifestations. Spontaneous healing may oceur by fibrosis. To 
date, 25 per cent of the cases reported have been fatal, and the complication 
factor has been tuberculosis in 75 per cent.'® 7° It appears that an individual 
afflicted with Boeck’s disease is more readily subjected to pulmonary tuberculosis 
in its more malignant forms. 


LABORATORY DIAGNOSIS 


The diagnosis is generally suspected on the clinical findings and x-ray in- 
terpretation, although the microscopic biopsy confirmation is necessary. Certain 
laboratory data, such as a negative or a weak tuberculin test,!” * are suggestive 
and aid in establishing the diagnosis. Other indications are: an absolute mono- 
cytosis and/or an eosinophilia, an elevated blood sedimentation rate, hyper- 
proteinemia with hyperglobulinemia, and occasionally a hyperealeemia with 
an elevated alkaline phosphatase.® 7 1) 1° 

This rather bizarre manifestation of sarcoidosis with localization to the 
pancreas exhibits some of the typical diagnostic criteria, though the clinical 
diagnosis is by no means obvious. 


CASE REPORT 


M. B., a 48-year-old woman, was admitted to the Worcester City Hospital complaining 
of easy fatigability of six months’ duration. 

Illness at Time of Admission.—The patient had been hospitalized one year previously 
for acute alcoholism. For six months following her discharge she experienced excellent 
health, after which she noticed easy fatigability which was progressive in character. 
The only associated symptoms were frequency of urination (six times during the day) 
and nocturia (twice at night). Her appetite was only fair, with no specific food in- 
tolerance. In the following four months there was a weight loss of fifteen pounds. Six 
weeks prior to admission she developed a girdle type of dull pain across the upper abdomen 
and back. This pain was constantly present from its onset and sometimes described as 
being ‘‘burning’’ in nature. Associated with it was a chilly sensation which occurred 
onee daily and lasted but a few seconds, Two weeks prior to admission the pain became 
crampy and localized to the epigastrium without radiation and appeared at irregular in- 
tervals. There was no definite relationship to meals. Frequently it kept her awake at 
night and was somewhat relieved by the use of a hot water bag or by taking warm water, 
soda bicarbonate, or milk by mouth. The patient had become chronically constipated, 
for which strong cathartics were constantly used. The stools, however, were described as 
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being normal in appearance. Two days before admission the patient became nauseated 


and vomited a brown material. She continued to vomit four to five times daily until the 
sixth day in the hospital. The material was never noticed to be coffee-ground. 

Past History—tThe patient had a past history of an appendectomy, two cesarean sec- 
tions, and a hysterectomy. There was one admission for bromide poisoning five years ago 


Phlebitis with residual postural edema of two years’ duration was present. 


Fig. 2. 


Figs. 1 and 2.—The pancreas is partly replaced by tubercles made up of epithelioid 
cells and an occasional foreign body giant cell. A few lymphocytes are scattered around 
the tubercles. Caseation necrosis is absent, 
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Physical Examination.—Physical examination revealed a 48-year-old woman, well 
nourished, and in no acute distress. Temperature was 99.4° F., pulse 80, respirations 20. 
The only positive physical findings were a soft abdomen with slight gaseous distention. There 
was superficial skin tenderness in the right upper quadrant, but no deep tenderness in this 
region. No masses could be palpated. The extremities exhibited marked saphenous vari- 
ecosities with edema of the right pretibial region. Neurological examination revealed only 
hyperactive reflexes and absent abdominal reflexes. 

Laboratory Data.—The red blood count was 4.6 million; hemoglobin, 91 per cent; and 
white blood count, 5,600, with a differential of 60 polymorphonuclears, 24 leucocytes, 10 
monocytes, and 6 eosinophils. Folin blood sugar was 91; nonprotein nitrogen, 33; blood 
cholesterol, 154 mg.; and serum amylase, 16 units. The Hinton and Kahn tests were negative. 
The urine was negative except for a slight trace of albumin and an occasional white blood 
cell and red blood cell. The total protein was 6.1, albumin 3.9, and globulin 2.1. Stools 
were consistently positive for fat and meat fibers. 

Clinical Course.—The patient was admitted on the medical service and vomiting was 
combated with sedatives, atropine, and a bland regime. A chest film and bone survey 
were reported as negative. A Graham-Cole series was done and only a poorly functioning 
gall bladder was visualized. A fluoroscopy and a gastrointestinal series were negative 
and an intravenous pyelogram showed good excretion with some rigidity of the right 
pelvis and kinking at the right ureteropelvic junction. On the twentieth hospital day the 
patient was explored and all organs appeared normal with the exception of the pancreas, 
which was twice normal in thickness, and firm and nodular throughout. A biopsy from 
the head of the pancreas was microscopically Boeck’s sarcoid. 

The convalescence was uneventful and the patient was placed on pancreatic enzymes 
by mouth and the appropriate diet. Eighteen months after operation the patient was 
asymptomatic, had gained weight, and was working daily. To date no other manifesta- 


tions of Boeck’s sarecoid have been detected. 


DISCUSSION 


This patient, who exhibited the clinical and laboratory findings consistent 
with chronic pancreatitis, had certain consistent findings with sarcoidosis such 
as the monocytosis and a high total protein with an elevated globulin. The 
tuberculin test was negative, which is also contributory. The exact diagnosis 
was made only by microscopic study of the pancreatic biopsy. The patient has 
been given only supportive therapy and substitution pancreatic enzymes with 
apparently good effect. Nearly two vears postoperatively she is maintaining 
a good state of nutrition and is entirely asymptomatic. As yet the islet cells 
have not been involved sufficiently to produce a diabetic syndrome and no other 
clinical manifestations of sarcoidosis have occurred. 


















































SUMMARY AND CONCLUSIONS 





This is the presentation, after eighteen months’ study, of a rather unusual 
case of Boeck’s sarcoid which has involved only the pancreas. The diagnosis 
was confirmed by biopsy and the patient has been asvmptomatie on pancreatic 
enzyme substitution therapy. The prognosis may be one of complete remission 
of the disease or in the future one of the move common syndromes of sarcoidosis 
May appear. 


Acknowledgment.—We wish to express our gratitude to Raymond H. Goodale, Pathologist, 
Worcester City Hospital. 
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BRONCHIAL TUMORS: THORACOBRONCHOTOMY 


A. Lincotn Brown, M.D., San FRANCISCO, CALIF. 
(From the Surgical Service, Thoracic Surgery Section, Mount Zion Hospital) 


RONCHOSCOPIC enucleation of intrabronchial tumors is a now accepted 

mode of attack upon those lesions assumed to be benign. This method al- 
ways poses the question of whether or not the lesion has been completely eradi- 
cated from the bronchial wall. No knowledge is obtained, by this procedure, 
of the tumor’s possible extrabronchial extension. 

Exploratory thoracotomy has, with advances in thoracic surgery and 
anesthesia, become a highly safe and useful procedure. Thoracotomy allows one 
to ascertain whether or not an extrabronechial extension of an intrabronchial 
lesion exists, what damage may have been done to the lung distal to the intra- 
bronchial lesion, and, combined with bronchotomy, it permits the complete 
excision of benign lesions, plastic repair of the bronchus, and conservation of 
the maximum functioning of pulmonary parenchyma. Bronchotomy, particu- 
larly in the larger bronchi where a longitudinal incision is made in the posterior 
membranous portion of the bronchus, is simple and heals readily (Fig. 1, A and 
B). The term thoracobronchotomy is used simply to designate the operative 
procedures of thoracotomy and transthoracic bronchotomy. 

Resections of portions of the bronchus and plastic operations upon bronehi 
are highly suecessful.’:? Not only is complete eradication more feasible by this 
direct attack, but the difficulties, uncertainties, and dangers of endoscopic 
operations (such as hemorrhage, and incomplete removal) are avoided. 
Furthermore, areas out of the range of vision or operability by endoscopic 
means may be successfully visualized, and appropriate measures simply insti- 
tuted under direct vision once exploratory thoracotomy has been undertaken. 

Thoracobronchotomy is especially applicable in bronchial tumors, broneho- 
stenosis, and bronchial injuries. Many intrabronehial tumors (that is, adenomas) 
may have extrabronchial extensions. Definitive surgery, no more or less ex- 
tensive than absolutely indicated by direct examination, suggests that thoraco- 
bronehotomy must be considered as the probable method of choice in many intra- 
bronchial tumors and other bronchial lesions. 

The removal of a bronchial tumor by thoracobronchotomy is illustrated by 
the following case report. The tumor in this instance proved to be a very rare 
benign granular-cell myoblastoma of the bronchus. Apparently this is the third 
such tumor to be recorded.*:* Its complete removal was effected with the 


preservation of all pulmonary parenchyma. 
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CASE HISTORY 


D. L., a 48-year-old man, was referred Dec. 6, 1948, with a presumptive diagnosis 0 
bronchial obstruction of the left lower lobe. The patient gave a five-month history of cougl). 
frothy sputum, no hemoptysis, and dyspnea, which was particularly severe when he lay o1 
the right side. At bronchoscopy Dec. 7, 1948, a lobulated tumor presented out of tli 
orifice of the left upper lobe bronchus. The lobulated mass filled approximately two-third 





A. B. 


Fig. 1.—A, Diagrammatic representation of left lung displaced toward the right bronchot- 
omy through the membranous posterior portion of the left upper lobe bronchus. Facile 
accessibility of the intrabronchial tumor by this maneuver is obvious. 

B, Interrupted silk suture of membranous portion of bronchus. Sutures do not include 
epithelial layer. 





A. B, 


Fig. 2.—A, Diagrammatic representation showing position of pedunculated tumor with 
patient lying on left side. The dotted area with the ? mark represents possible extrabronchial 
tumor extension whose presence or absence can be determined only by thoracotomy. 

B, Position assumed by this pedunculated tumor when patient attempted to lie on thé 
right side. Almost complete main-stem bronchial occlusion took place, with resulting severe 
respiratory embarrassment. 
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of the left main-stem bronchus and had the characteristics of an adenoma, though somewhat 
less vascular than usual. The base of the tumor could not be visualized. Biopsy was done. 
The microscopic sections were inconclusive except that they were reported as showing no 
evidence of malignancy. Exploratory thoracotomy was decided upon. 
Preoperative Diagnosis.—The preoperative diagnosis was a benign bronchial tumor. 
Operation.—Thoracobronchotomy was done with excision of bronchial tumor. 
Anesthesia.—Intratracheal sodium pentothal, cyclopropane, nitrous oxide, ether was used. 
Procedure.—The thoracic cavity was opened through the fifth interspace. There was 
no free fluid in the pleural cavity. The lung lobes were normally expanded. No masses or 
unusual lymph nodes were felt in the hilar region. The left main-stem bronchus was located 
and freed from surrounding vessels and lung tissue by means of blunt dissection until the 
left upper lobe main bronchus was reached. This was dissected free up to its first division. 


No peribronchial or extrabronchial extension of the growth which was known to be present 
It was decided, therefore, to perform a bronchotomy and 





within the bronchus was found. 





Fig. 3.—Photomicrograph (100) of section of tumor removed at bronchotomy showing typical 
granular-cell myoblastoma of the bronchus. 


excision of the tumor through this opening. Two umbilical tapes were placed underneath 
the left upper lobe main bronchus in order to steady it, and a longitudinal incision was 
‘arried through the bronchial wall, thus exposing a relatively firm, encapsulated, slightly 
friable, nodular tumor which was adherent to the bronchial mucosa by means of a rather wide 
base, and which almost occluded the entire bronchus at the opening into the left main-stem 
bronchus. 

The tumor was removed using sharp dissection. Its base was curetted. There was very 
little bleeding, and suction was used in order to cleanse the neighboring bronchi. Hemostasis 
was accomplished by pressure. 

The longitudinal incision in the bronchus was closed using medium silk end-on mattress 
sutures. The chest cavity was then filled with saline solution and it was ascertained that the 
closure was airtight. Closure was effected without drainage. 

Postoperative Diagnosis.—The postoperative diagnosis was probable bronchial adeno- 
fibroma in the left upper lobe main bronchus. 
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Pathologic Report.—The tumor tissue was reported* as benign granular-cell myoblas 
toma of the bronchus. 

Postoperative Course.—The postoperative course was entirely uneventful. The patient 
was discharged from the hospital on the tenth postoperative day. He has remained well and 
a check bronchoscopy nine months after removal showed no evidence of any recurrence. 


CONCLUSIONS 


Thoracobronchotomy in selected cases is a valuable adjunct to the thoracic 
surgeon’s armamentarium. 
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CARCINOMA OF THE BREAST—WHY THE UPPER OUTER 
QUADRANT? 


W. Ravpeu DEATON, JR., M.D., ANp H. H. BrapsHaw, M.D., 
WINSTON-SALEM, N. C. 


(From the Department of Surgery, Bowman Gray School of Medicine of Wake Forest College, 
and the North Carolina Baptist Hospital) 


HE majority of carcinomas of the breast arise in the upper outer quadrant 

(Fitts, 58 per cent; Finney,” 56 per cent; Deaton,*® 58.9 per cent). It seems 
likely that the high incidence of the disease in this location exists because aber- 
rant breast tissue is frequently located at the upper outer quadrant, contiguous 
to the breast, and may be the site of carcinoma that is diagnosed simply as 
carcinoma of the breast. Several theories** have been advanced to explain the 
high ineidenee of carcinoma of the upper outer quadrant, but the part that 
aberrant breast tissue may play has not been mentioned previously, as far as 
ean be ascertained from a search of the literature. The following case definitely 
illustrates carcinoma arising in aberrant breast tissue. 

Mrs. L. C. Z. (NCBH No. 1796), a 41-year-old white female, was first admitted to this 
hospital on Dee. 1, 1931. She complained of having had ‘‘pain and lumps’’ in the left breast 
for several years, with each symptom increasing steadily in severity for the previous five 
years following the last of four pregnancies, The breast had been incised and drained for 
abscesses during three of the pregnancies. On December 2, under ether anesthesia, a complete 
simple mastectomy was performed. The gross and microscopic diagnosis was chronic cystic 
mastitis. Recovery was uncomplicated. Sometime during 1936 she noticed the presence of a 
painless firm nodule, ‘‘about the size of a dime,’’ at the anterior pectoral fold, just superior 
to the lateral margin of the mastectomy scar. The nodule did not increase in size until early 
1941, when she noted that it was slightly larger than before. On June 26, 1941, she was seen 
as an outpatient and a diagnosis of excessive cicatrix made. Under local procaine infiltration 
anesthesia, the nodule, with a surrounding area of normal skin and subcutaneous tissue, was 
removed, Microscopie sections revealed scirrhous carcinoma of the breast, grade 3. There 
was no involvement of the skin, to suggest a cutaneous recurrence, nor was there any lymphoid 
tissue present to suggest development of a long-delayed metastasis. She was treated with 
radium irradiation, and did well until 1947 when lung metastases developed. She died on 
June 16, 1948, of liver, lung, and pleura metastases. This was seventeen years after the 
simple mastectomy and seven years after being treated for carcinoma of aberrant breast 
tissue. Had she not previously had a simple mastectomy, this cancer would surely have been 
classified as originating in the upper outer quadrant. 


Carcinoma arising in aberrant breast tissue is not unusual,® and the site of 
origin is easily recognizable when the aberrant tissue and the normal tissue are 
not contiguous. However, the most frequent location of aberrant tissue is at 
the upper outer quadrant of the breast,® '° although it may oceur anywhere 
along the mammary ridge, which runs in a sinusoid curve from the axilla to the 
groin.’ Surveys have shown that aberrant tissue occurs in from 1 to 7 per cent 
ot the people, and is more frequent on the left,’’ as is carcinoma of the breast.’ 2 
It appears reasonable to assume that carcinoma of aberrant breast tissue adjacent 
to the normal breast may be diagnosed as carcinoma of the breast itself. It is 
impossible to differentiate, microscopically, aberrant breast tissue from normally 
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located breast tissue.*2 As an explanation for the frequent presence of car- 
cinoma in the aberrant breast tissue, stagnation, with its resulting irritation, 
is believed to be the chief predisposing factor. (Adair? showed experimentally 
in mice that stasis is one of the main factors in the etiology of breast cancer.) 
Logically, there should be more stagnation in aberrant tissue than in any part 
of the normal breast, due to the frequent absence of external openings of the 
drainage ducts supplying the aberrant tissue."'| The aberrant tissue does not 
drain into the normal breast as the two are independently formed from separate 
anlages of ectodermal tissue.1’:1*1* Even if a nipple is present over the ac- 
cessory gland, the drainage system may be incomplete, leading to stagnation.' 
Moreover, there may be an as yet unrecognized factor present that acts to incite 
malignant changes in any aberrant tissue; for example, there is a high incidence 
of cancer in aberrant thyroid tissue.'® 

In summary, a case is presented in support of the theory that the high 
incidence of breast carcinoma in the upper outer quadrant of the breast is due 
in part to carcinoma that arises in aberrant breast tissue in that area.  Inci- 
dently, this case should serve as a warning to surgeons to insure removal of all 
breast tissue, both normally and abnormally situated, when performing simple 
mastectomy. 
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TECHNIQUE OF PNEUMONECTOMY 
ALTON OCHSNER, M.D., NEw ORLEANS, La. 


(From the Department of Surgery, Tulane University, and The Ochsner Clinic) 


-_otnneen aap areca may be performed for a number of conditions, such as 
neoplastic disease, particularly carcinoma, extensive cystic disease with 
secondary infection, extensive suppurative disease involving the entire lung, or 
a drowned lung secondary to obstruction of one of the major bronchi by an 
inflammatory process such as tuberculosis. There is no unanimity of opinion 
concerning the approach that is to be used in performing a pneumonectomy, 
but most thoracic surgeons prefer a posterolateral approach for the performance 
of a pneumonectomy or lobectomy. Whereas a lobectomy is best performed 
through a posterolateral incision which permits dissection of the hilum from 
many sides, it is my conviction that pneumonectomy, particularly for neoplastic¢ 
disease, unless there is evidence of involvement of the chest wall, is best per- 
formed through an anterior incision. This incision, popularized by Rienhoff, 
is preferable in patients with neoplastic disease for several reasons. Carcinoma 
of the lung occurs with few exceptions in older persons, those in the fifth, sixth, 
and seventh decades, who because of their age are more likely to have cardio- 
vascular disorders than younger individuals. Respiratory and cardiovascular 
functions are less altered when the patient is in the supine position than in the 
lateral decubitus position, particularly when, as is necessary in performing a 
pneumonectomy through a posterolateral incision, the uninvolved lung is de- 
pendent and compressed by the weight of the body. An additional reason why 
the anterior approach is preferable to the posterolateral one in performing a 
pneumonectomy is that the distance from the skin to the mediastinum, in which 
the entire dissection is done, is shorter through an anterior approach than 
through a posterolateral approach. Another advantage in having the patient 
in the supine position is that there is less danger of spillage of secretions from 
the involved lung into the uninvolved lung than when the patient is in the lateral 
decubitus beeause in the latter, gravity facilitates the passage of secretions into 
the dependent normal lung. Probably one of the reasons why the anterior ap- 
proach has not become more popular is the difficulty in securing adequate length 
of the pulmonary vessels through an anterior incision. However, as will be 
described later, this difficulty can be overcome readily by ‘‘walking’’ the ligature 
into the mediastinum, thus obviating this criticism of the anterior approach. 

The patient is placed in a supine position on the operating table but in order 
to facilitate the efforts of the assistants, the side to be operated upon is slightly 
elevated above the surface of the table by means of sandbags placed under the 
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shoulder and the hip on the affected side. A similar position can be obtained 
with the patient flat on the table by tilting the table so that the side to hi 
operated upon is elevated. 

The incision is made in the third intercostal space, extending from the mid- 
portion of the sternum to the midaxillary line. The skin, subcutaneous fat, and 
pectoralis major and minor muscles are divided. After exposing the intercostal 
muscles in the third intercostal space throughout the entire length of the in- 
cision and exposure of the lateral border of the sternum, the intercostal muscles, 
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1.—Incision used for right pneumonectomy. With the shoulder and hip slightly 
incision is made in the third intercostal 
midaxillary line. b, The 


Fig. 
elevated by means of sandbags placed under them, 
space, extending from the mid-portion of the sternum to the 
pleural cavity has been opened in the mid-portion of the wound, and the incision extended 
medially to the internal mammary vessels. The third and fourth costal cartilages have been 
removed, and transfixion sutures are being placed around the internal mammary vessel. 6, 
Relationship of the hilar structures on the right side. The pulmonary artery lies superiorly 
and anteriorly. The superior pulmonary vein is inferior to the pulmonary artery and an- 
terior to the bronchus. The inferior pulmonary vein is most inferior of the hilar structures, 
whereas the bronchus is the most posterior. 


in about the mid-portion of the incision, are incised immediately above the fourth 
rib. The incision is extended laterally to the edge of the wound and is extended 
medially to within approximately 3 em. of the sternal edge or until the internal 
mammary vessels are visible. The third and fourth costal cartilages are divided 
as near the sternum as possible, and the medial portion of the respective costal 
cartilages are removed flush with the sternum by means of a large rongeur. The 
internal mammary vessels are exposed and crochet cotton No. 20 transfixion 
sutures are placed around them in the upper and lower parts of the wound re- 
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spectively. After ligation of the internal mammary artery and vein, they are 
divided in the mid-portion of the incision and the ends of the respective vessels 
are clamped and ligated (Figs. 1 and 2). 

After opening the pleura throughout the entire length of the incision, rapid 
examination of the pleural cavity is made to determine the presence or absence 
of adhesions. If there are no adhesions between the lung and the anterior chest 
wall, the wound is opened further by separating the third and fourth ribs with 
a suitable retractor such as the one deseribed by Finochietto. The ribs should 
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Fig. 2.—Insert shows position of the patient on the table and the incision used for 
a right pneumonectomy. After opening the pleural cavity in a manner as described in Fig. 1, 
incision is made in the mediastinal pleura posterior to the phrenic nerve, which is extended 
above and below around the hilus. The vena azygos major is isolated in order that it may 
be ligated. The lower insert shows the relationship of the hilar structures on the right side. 
The bronchus is the most superior of all the structures and also the most posterior. Imme- 
diately anterior to it and somewhat inferior is the pulmonary artery and the superior pul- 
monary vein lies anterior and inferior to the pulmonary artery, slightly overriding it. The 
inferior pulmonary vein is the most inferior of all the structures. 


be separated slowly in order not to break them and to permit adequate relaxation 
of the chest wall. After sufficient retraction of the adjacent ribs hag been se- 
cured, careful exploration of the hemithorax is done to determine the presence 
or absence of adhesions and the extent of extrapulmonary involvement, par- 
ticularly in the mediastinum. Even in cases in which there is apparently ex- 
tensive involvement of the mediastinum, resection is frequently possible and 
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frequently only after considerable dissection of the mediastinal structures has 
been accomplished can one determine whether the lesion is resectable or not. 
Unless dissection of the hilar vessels, because of mediastinal involvement, cannot 
be accomplished, or unless the heart or aorta are involved, resection is usually 


possible. 
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Fig. 3.—The vena azygos major is dissected free from 
and ligatures are placed around it to permit ligation. This is desirable 
to the vena azygos major in the dissection of the bronchus. b, The 





is mobilized medially in order to secure adequate exposure of the hilar vessels. The vena 
cava is retracted medially by means of a sponge held in a sponge forceps. The pulmonary 
dissection and a ligature 4 


artery has been isolated by a combination of digital and ‘‘dissector’’ 
is being placed around the vessel. c, The pulmonary artery and the superior pulmonary 
vein having been ligated and doubly transfixed medially and ligated and transfixed laterally 
are divided distally in order to leave a long proximal segment. The inferior pulmonary vein 
has been isolated and a ligature placed around it. ad, Three hilar vessels, the pulmonary 
artery, the superior pulmonary vein, and the inferior pulmonary vein, have been ligated and 
divided. The bronchus has been isolated, doubly clamped, and divided. 





A longitudinal incision is made in the mediastinal pleura posterior to the 
phrenic nerve and extending around the root of the lung. On the right side 
(Fig. 2) the vena azygos major as it empties into the superior vena cava is 
isolated and freed from its surrounding structures. Because of the danger of 
injuring this vessel when dissecting the bronchus, it is desirable to doubly ligate 
and divide it. By means of a suitable instrument such as Semb ligature carrier, 
crochet No. 20 cotton ligatures are placed around the vena azygos major, which 
is ligated with sufficient length between the ligatures to permit safe division. 
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In addition to ligation medially and laterally, transfixion cotton sutures are 
introduced and tied. The vena azygos is divided (Fig. 3, a). 

Although there may be some variation in the order of dissection, generally 
the first hilar structure to be dissected is the pulmonary artery. On the right 
side, the superior vena cava overlies the pulmonary vessels, and for this reason 
it is necessary to mobilize the cava medially in order to expose them adequately. 
Mobilization of the cava is secured by a combination of blunt and sharp dis- 
section, the blunt dissection being done by means of small pledgets of gauze held 
in long curved forceps (dissectors). Retraction medially of the vena cava is 
secured by a sponge in a sponge holder held by an assistant (Fig. 3, b). Separa- 
tion of the pulmonary artery from the superior pulmonary vein inferiorly and 
from the bronchus posteriorly and inferiorly is best secured by digital dissection. 
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Fig. 4.—Diagram showing the technique of ligation of the pulmonary vessels. a, The 
distal ligature has been tied, and the proximal ligature is being ‘“‘walked” into the mediastinum. 
This is accomplished by keeping the proximal ligature taut and by means of a long tissue 
forceps advancing the ligature first on one side and then on the other, the surgeon main- 
taining the position of the advanced ligature by means of the index finger posteriorly and the 
thumb anteriorly. c, The proximal ligature is tied by the assistant while the surgeon main- 
tains the ligature in its medial position by means of the index finger and thumb. Not until 
the first knot of the ligature has been tightened and seated, which, because of the large size 
of the vessel, requires several seconds, are the surgeon’s thumb and finger removed. 


Occasionally a combination of digital and ‘‘dissector’’ dissection is desirable. 
After the superior pulmonary artery has been completely isolated, a curved 
ligature carrier (Semb) is introduced around it and crochet cotton No. 20 liga- 
tures are drawn around the artery. The lateral ligature is tied immediately 
adjacent to the lung, thus securing the distal portion of the pulmonary artery 
immediately before it enters the lung. In order to secure a long segment of the 
vessel to permit division of the vessel with sufficient length so that slippage of 
the ligature will not oceur, the technique of ‘‘walking’’ the ligature into the 
mediastinum is used (Fig. 4). The assistant retracts the mediastinum medially 
and holds taut the proximal ligature. The operator places the index finger 
around the artery posteriorly and by means of a long tissue forceps advances 
the ligature proximally into the mediastinum, taking a step on one side of the 
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artery and then on another, in this way ‘‘walking’’ it into the mediastinum 
During this maneuver the surgeon’s index finger posteriorly and the thumh 
anteriorly advance medially, maintaining the ligature in a medial position where 
it is held while the assistant ties it. If the ligature were not ‘‘walked’’ into the 
mediastinum and held in position by the operator’s hand, the tension required 
to tighten the ligature would dislocate the ligature laterally and an insufficient 
length of the artery would be secured. Not until the knot has been tightened 
and the ligature seated, which requires several seconds of time because of the 
large size of the vessel, are the surgeon’s thumb and index finger removed. The 
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Fig. 5.—Diagrammatic drawing showing the technique of double transfixion proximally 
in order to secure four quadrants of the vessel. The proximal and distal ligatures have been 
tied, isolating a considerable segment of the vessel. Two transfixion sutures are introduced 
proximally, one passing from the superior to the posterior surfaces and another from the 
anterior to the posterior surfaces. After introduction of the individual suture, one-half of the 
vessel is compressed by tying the ligature, following which one end of the ligature is drawn 
around the vessel, and the ligature again tied. In this way four quadrants of the vessel are 
secured by the two transfixion ligatures. As shown in ec, a large Ochsner clamp is placed 
immediately adjacent to the lung on the distal portion of the vessel and the vessel is divided 
immediately adjacent to the clamp, leaving a long segment of vessel on the cardiac side. 


second and third knots on the ligature are then completed. In this way a long 
segment of vessel can be obtained relatively easily. Because of the large size of 
the vessel, simple ligation of the pulmonary artery is not sufficient but should 
be supplemented by double transfixion ligation, placing the ligatures in such 
a way that four quadrants of the vessel are secured. This is accomplished by 
inserting one suture, a No. 20 crochet cotton threaded on a French eye needle, 
through the vessel from the superior to the inferior surfaces and another suture 
from the anterior to the posterior surfaces. Each of these sutures is tied, first 
on the one side and then, after drawing one of the sutures around the vessel by 
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means of a Semb ligature carrier, on the opposite side (Fig. 5, d). By using the 
two transfixion sutures introduced in this way, the four quadrants of the di- 
ameter of the vessel are secured. Finally, a transfixion suture is placed distally 
immediately adjacent to the lung. Although this may seem unnecessary, be- 
cause the lung is to be removed, it prevents back bleeding if the distal ligature 
should happen to become displaced or loosened. A large Ochsner forceps is 
placed on the artery immediately adjacent to the lung and the artery is divided 
immediately medial to the clamp (Fig. 5, c). In this way, a long segment of the 
vessel distai to the proximal ligatures is secured, the ligatures having been in- 
serted in such a way that slippage is almost impossible. 

Following ligation and division of the pulmonary artery, the superior pul- 
monary vein is next treated in a manner similar to that used for the pulmonary 
artery. After division of the superior pulmonary vein, the inferior pulmonary 
ligament is exposed by retracting the lower lobe laterally and superiorly. Be- 
cause the inferior pulmonary ligament is usually vascularized, it is doubly 
clamped, divided, and ligated. Careful dissection is extended upward to the 
inferior pulmonary vein, which is treated as were the pulmonary artery and 
superior pulmonary vein. 

The pulmonary hilum is now freed with the exception of the posterior re- 
flection of the pleura, the mediastinal lymph nodes, and the bronchus. The 
bronchus is carefully dissected out up to the carina, removing the lymph nodes 
from around it. After isolating the bronchus by means of the finger and sepa- 
rating it from the surrounding tissue, it is compressed and the anesthetist deter- 
mines whether or not the patient is able to breathe. This is of importance in 
order to prevent possible injury to the trachea in a patient with extensive nodal 
involvement in which the trachea may be mistaken for the main stem bronchus. 
If the patient is able to breathe satisfactorily following compression of the 
bronchus, two right-angled clamps are applied to the bronchus, one immediately 
distal to the carina and the other 1%4 em. distally. The trachea is divided be- 
tween the two clamps, and the posterior reflection of the pleura from the lung 
onto the mediastinum is incised. The lung is thus freed and can be removed. 
Frequently, small vessels extending to the mediastinal lymph nodes are present 
which should be clamped, divided, and ligated. 

Following removal of the lung, the bronchus is closed by introducing in- 
terrupted sutures of No. 20 crochet cotton proximal to the clamp. The sutures 
at the two ends are tied proximal to the clamp immediately after their intro- 
duction (Fig. 6, a). The other sutures are not tied until the clamp is removed, 
but are then tied snugly but not tightly. It is important not to tie these sutures 
too tightly because of the possibility of eutting through the bronchus. In this 
way the bronchial lumen is closed adequately and there is no leakage (Fig. 6, b). 

The bronchial stump is covered with mediastinal pleura by suturing the 
anterior or superior edge of the mediastinal pleura to the posterior or inferior 
edge or by mobilizing adjacent portions of the mediastinal pleura to cover the 
stump (Fig. 7, a). Although this is not absolutely essential, it is desirable be- 
cause it favors a localized collection of fibrin and subsequent organization with 
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the production of a fibrous tissue cap over the bronchus which will prevent th: 
bronchial stump from blowing out if the sutures should subsequently slough out 

The phrenic nerve is crushed in order to permit elevation of the diaphragii 
and to decrease the size of the cavity. No drainage is instituted because it is 
desirable that the hemithorax fill with exudate which later will become a fibrinous 
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Fig. 6.—Diagrammatic drawing showing the technique of closure of the bronchus. The 
bronchus has been divided between clamps. Sutures are introduced proximal to the clamp, 
the two ends being tied before removal of the clamp. These serve as gut sutures. The other 
sutures are left in place and held taut until the clamp is removed, following which they are tied 
snugly but not too tightly. 
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Fig. 7.—a, The bronchial stump has been covered by suturing the edges of the anteriol 
and posterior mediastinal flap. If this is not possible, the mediastinal pleura should be mobi- 
lized to cover the bronchus. This permits collection of serous fluid in a pocket around the 
bronchial stump. Later, fibrin will be deposited, which subsequently will become organized, 
producing a fibrous cap over the bronchus. b, The adjacent third and fourth ribs are approx!- 
mated by means of an approximator and the chest closed. 
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and subsequently a fibrous network. The thoracic wound is closed by approxi- 
mating the adjacent ribs with a rib approximator (Fig. 7, b). Pericostal sutures 
of crochet cotton are placed around the adjacent ribs, and tied. Careful ap- 
proximation of the pectoralis major and minor muscles and the superficial fascia 
is secured with interrupted quilting cotton sutures. A catheter is placed 
temporarily in the wound anteriorly during the wound closure and is removed 
after the patient is returned to the supine position. Because the patient is tilted 
away from the side being operated upon, there is a slight displacement of the 
mediastinum toward the opposite side. After the operation has been completed, 
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Fig. 8.—Incision used in the posterolateral approach. With the patient in the lateral 
decubitus, the incision begins paravertebrally in the fifth intercostal space and extends around 
the angle of the scapula to continue anteriorly in the fifth intercostal space. The fifth and 
sixth ribs are divided paravertebrally and the intercostal muscles incised throughout the 
length of the incision. The lung can be mobilized on all sides. The most inferior structure, 
as shown in b, is the inferior pulmonary vein, whereas the bronchus is the most posterior. 


the patient is brought back into the supine position or the sandbags are removed 
from beneath the shoulder and hip which permits the mediastinum to shift back 
in its normal position. Trapped air within the pleural cavity can then escape 
through the catheter, following which the catheter is removed and the skin 
suture closed. A compression bandage is applied to the wound using elastoplast. 

In eases in which there is a likelihood of involvement of the chest wall and 
in which it may be desirable to resect major portions of the chest wall or dia- 
phragm because of extension to these structures, the posterolateral approach is 
preferred. It is probably preferable also in cases in which there are extensive 
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adhesions between the lung and the parietes. Although undesirable generally 
from the standpoint of the welfare of the patient and also more difficult because 
of the greater distance from the chest wall to the mediastinum, this is performed 
with the patient in the lateral decubitus, lying on the sound side. The incision 
beginning paravertebrally in the fifth intercostal space extends downward, 
curves around the angle of the scapula to curve superiorly again, and anteriorly 
in the fifth intercostal space (Fig. 8). After division of the skin, subcutaneous 
fascia, trapezius, and latissimus dorsi muscles, the ribs are counted from above 
in order to identify definitely the fifth intercostal space. The fifth and sixth 
ribs are divided in their paravertebral portions, exposure of this portion of the 
rib being secured by retraction of the erecta spina mass medially. A short seg- 
ment of the rib is removed in order to prevent overriding of the rib end fol- 
lowing closure of the wound. The incision is made in the fifth intercostal space, 
dividing the intercostal muscles at the upper border of the sixth rib. The pleura 
is opened throughout the extent of the wound. Subsequent performance of the 
pneumonectomy differs in no way from that in which the anterior approach is 
used. 














Editorial 








HE ethic of surgical practice is a delicately balanced system played upon 

by two equally essential, but at least occasionally conflicting, influences, the 
one entirely unselfish, the other selfish. It is primarily assumed that one per- 
forms an operation only for the good of the patient, and yet there is a second 
reason, the reward to the surgeon. He must feed and house and clothe his family. 
He must maintain a level of living commensurate with his position in his com- 
munity. In short, if he is to continue to do the good of which he is capable, he 
must earn enough to satisfy these requirements. For any surgeon a moral prob- 
lem may at times be present. It is asking more than human perfection to assume 
that a surgeon’s judgment may not be influenced unconsciously by pressing 
financial need. 

A wise and experienced gynecologist has pointed out that fees have pro- 
gressively become smaller step by step with an increasing ‘‘ professional feeling 
of service toward the patient.’’ This development over the centuries represents 
a forward movement toward better conditions of practice. Whatever may be 
said of improvements needed today, it is well to recognize that doctors by their 
own efforts have advanced steadily toward the goal of the finest service to the 
patient in all aspects, economic as well as medical and psychologic. 

In commenting upon the moral conflict between surgical indications and fee, 
one must remember that it affects only the conscientious practitioner of surgery. 
The so-called surgeon who practices primarily for the fee, who advises opera- 
tion without adequate study, who removes a normal organ without indications, 
who makes an emergency out of almost every case, has no problem of morals, 
nor has the occasional general practitioner who undertakes procedures for which 
he is not trained or who does an incomplete operation for malignant disease so 
that at least some of the surgical fee will stay at home. These men do not belong 
in the honorable company of surgeons. The conscientious, careful surgeon who 
studies his patients thoroughly, thinks through the problem presented, and then 
is troubled to find a temptation that might taint his judgment, faces the moral 
issue. If he is the man we assume him to be, we need not be worried about his 
performance of unnecessary surgery. 

The other class of surgeon constitutes a menace to the unsuspecting patient 
and an equally real threat to the good name of surgery. In these days of inquiry 
into the workings of the medical profession, these men give us all a bad name. 
To the outsider, one who wields a scalpel is a surgeon; a finer estimate of quality 
may not be possible. If some surgeons perform unnecessary operations for a 
fee, then all surgeons can be suspect for the same malfeasance. One of the 
urgent tasks for surgical leaders today is to face the problem. The fringes of 
the skirts of surgery must be lifted from the mire. Already this problem is the 
subject of preliminary study by authoritative surgical groups. 
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At the present time, the matter has become increasingly urgent for two 
reasons, the one general and the other specific. The first is the widespread im 
pression that the ancient moral code of the medical profession has softened in 
some of its fibers. The growing selfishness that has resulted in refusal to answer 
patient calls at night is a case in point, as is the recently publicized habit of 
certain physicians to accept rebates from manufacturers and salesmen. A noble 
profession is taking on some of the ethies of the market place. If these break- 
downs of medical ethies are indeed indicative of a trend, then surgery is seriously 
threatened. 

The second reason is less subtle. The great brake upon unnecessary opera- 
tions by unscrupulous or incompetent operators has been in the past the fear 
of fatality. The extraordinary developments of surgery in the last ten years 
have almost removed this brake. The modern methods of protecting the patient 
by adequate preoperative preparation, properly chosen and skillfully adminis- 
tered anesthesia, continuous support on the operating table, and alert post- 
operative care are available to the unjust as well as to the just. It is easy to 
remove a normal gall-bladder or a normal uterus if only one in 200 will suecumb. 
How different it was in the days when one in ten or even one in five could be 
expected to die. Now the operator can be reasonably certain that his reputation 
for saving his patients is secure. How simple it has been made for him! This 
fact alone makes it urgent at all cost to salvage the good name of surgery. 
Edwin P. Lehman, M.D. 
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EXPERIMENTAL RESECTION OF THE TRACHEA 


DonaLp J. FeRGusoN, M.D.,* JOHN J. WiLp, M.D., AND 
OwEN H. WANGENSTEEN, M.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota Medical School) 


OR about seventy years the trachea has been a subject of occasional experi- 

mental interest to surgeons; owing to the fact that its diseases are uncorn- 
mon, however, it remains rather unfamiliar ground. Nevertheless, in most 
large hospitals, patients may be found who would benefit from radical excision 
of tracheal lesions if the operation were safe and well understood. It will be 
worth while, therefore, to summarize the progress thus far made, and to 
explore further some aspects of tracheal resection in animals. 

The first experimental anastomoses of the trachea were probably those 
deseribed in 1881 by Gluck and Zeller. In an attempt to prevent aspiration 
pneumonia following operations on the larynx, they divided, the trachea of 
dogs between the third and fourth rings and brought the 2 ends out on op- 
posite sides of the neck. In some of the dogs laryngectomy was performed 
successfully four days later. In others, after a longer time, the 2 ends of the 
trachea were dissected free and sutured together. The animals recovered. 

Kuester, whose case was reported by Colley, successfully resected and 
anastomosed a human trachea for stricture in 1884. Surgeons of that era had 
to deal with tracheal strictures fairly often; diphtheria was common, and 
throat-cutting was in vogue as a method of attempting suicide. 

Inspired by Kuester’s case, Colley (1895) described a series of tracheal 
resections in dogs. In 5 instances, 3 rings were removed from the cervical 
trachea, and the ends were sutured together with silk or catgut. Three of 
the dogs developed strictures and in efforts to circumvent these, oblique in- 
cisions were made through 5 rings, 5 rings apart, and an elliptical anastomosis 
was performed. The anterior flap of tracheal wall thus formed came loose, 
even when stiffened with silver wire, and obstructed the trachea. Finally, the 
anterior and posterior halves of the trachea were divided at different levels, 
and eonnected by vertical incisions. The suture lines on the anterior and 
posterior walls were thus separated, and though sears formed they did not 
produce obstruction. 

Subsequent resections of the trachea in human beings were reported by 
Kiselsberg (1896), Féder] (1896), and Hacker (1902), and within a few years 
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there were a large number of cases (Nowakowski, 1909). Cireular incisions 
were generally employed, and catgut was the favored suture material. Seg- 
ments from 2 to 4 em. in length were removed. 

Nowakowski determined in human cadavers that it was feasible to remov: 
3 to 4 em. of the trachea and suture it end-to-end, with the neck in neutral 
position. Five centimeters could be removed in % of the experiments. Less 
could be excised from those with long necks, where the annular ligaments 
were already stretched. 

Where the diseased segment of trachea was too long to resect, parts of the 
circumference were removed (Bruns, 1898). Many ingenious methods for 
covering large tracheal defects have been devised. Konig (1896) described 
the use of a skin flap containing an attached piece of thyroid cartilage; other 
methods utilized skin flaps with part of the sternum or clavicle attached 
(Konig, 1897); skin flaps stiffened temporarily with needles (Trnka, 1900); 
silver gauze (Grosse, 1901); and free transplants of costal cartilage (Man- 
goldt, cited by Niehues, 1903). Usually two pedicled skin flaps were made, so 
that an epithelial surface was presented toward the tracheal lumen. Free skin 
grafts have also been placed successfully into defects in the tracheal mucosa 
following excision of sear tissue.’” 1 

In many instances, both in human beings and in dogs, free fascial grafts have 
been used with some success to cover small tracheal defects involving usually 
not over 1 em. of the cireumference.® * 1 1% 2% 25, 28 33 The graft apparently 
does not survive, but is replaced by fibrous tissue and is covered after 2 or 5 
weeks with respiratory epithelium. The use of fibrin film to cover small 
tracheal defects has resulted in stricture formation.® 

The use of rigid tubing to bridge defects in the trachea and primary 
bronehi has been described recently. Daniel (1948) used tubes made of glass, 
stainless steel, or Vitallium; the material apparently was unimportant. The 
tubes were flanged and were held in place by encircling ligatures. Of twenty- 
one animals in which a segment of thoracic trachea was replaced by a tube, 
15 survived. In those sacrificed from 3 weeks to 6 months after operation, 
regenerating islands of cartilage were present in the connective tissue sur- 
rounding the tubes. At 6 months, epithelial regeneration was still incomplete. 
In a group of 8 dogs, the right lung, lower trachea, and part of the left 
bronchus were excised and replaced by a Vitallium or glass tube. Of 2 dogs 
which survived, 1 developed pneumonia at 6 months. The tube came loose in 
the other dog and was removed after 8 months; the dog was sacrificed at 14 
months and was found to have newly formed cartilaginous rings, 14 the 
normal diameter of the trachea, in the area where the tube had been. 

Clagett and associates (1948) used Polythene tubes, flanged at each end 
and in the middle, to perform a quick anastomosis of the cervical and thoracic 
trachea in dogs. Most of the dogs did well, but some died when the tubes 
came loose or collapsed; 1 developed collapse of the trachea when the tube was 
removed after 9.5 months. It was found that as much as 4 of the trachea 
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could be resected and the ends be brought together over the tube. An attempt 
was made to remove a tumor of the thoracie trachea in a human being with 
the use of this method. The lower trachea below the tumor was too friable to 
hold the tube; a pneumonectomy was performed and the polythene tube was 
fastened into the trachea and the remaining primary bronchus. The upper 
lobe bronchus was plugged by the tube, resulting in pneumonia and death 6 
days after the operation. 

Longmire (1948) reported the use of a Lucite tube in repairing a tracheal 
defect in a patient. After 4.5 months the patient was well and there was firm 
tissue around the tube. 

Maisel and Dingwall (1950) divided the cervical trachea of dogs between 
rings and anastomosed it with a running silk mattress suture. Segments up to 
2.5 em. were removed. Granulation tissue was observed forming a small 
bridge over the anastomosis at one week. A stricture developed in one of the 
12 dogs used. 

Carter and Strieder (1950) reported successful autografts of segments of 
bronchus from resected pulmonary lobes. Homografts of trachea were also 
made, and functioned well for a time but were later absorbed, with develop- 
ment of stenosis. 

It is evident from this review that important surgical problems remain 
unsettled. The method of anastomosis should be reliable in the presence of 
tension and friable tissue, and should not result in stricture formation. Means 
should be found of determining in a given case how much trachea ean be 
excised, with anastomosis. <A satisfactory reconstruction should be developed 
for defects too large to permit end-to-end anastomosis. 


EXPERIMENTS AND RESULTS 


Experiments were performed on dogs, generally of large size. The trachea 
of the dog is about twice as long as that of a human being, though of similar 
diameter. Twenty excised tracheas from dogs weighing 9 to 27 kg. contained 
32 to 47 rings and measured 15.0 to 21.7 em. in length in the relaxed state. With 
a pull of 1,000 Gm. they stretched 14 to 45 per cent, to lengths of 20.0 to 30.0 em. 
The transverse diameter in the middle 14 varied from 12 to 24 em. in length.”* It 
can be stretched 17 to 35 per cent in length. Transverse diameters varied from 
16 to 25 mm. in ten specimens examined. 

The cartilaginous rings of the canine trachea are thin and flared out at the 
ends, where they normally overlap. Rings in human beings are rectangular 
and fairly thick at the ends, and do not overlap. 

The left bronchus of the dog usually contains only 3 complete rings, and is 
about 1 em. in length. The right main bronchus has, as a rule, only 1 complete 
ring and is very short. In human beings the left bronchus contains 9 to 12 
rings and is 4.1 to 4.7 em. long; the right has 6 to 8 rings and is 2.5 to 3.4 em. 
long.26 The bronchi in both species are a little larger in diameter on the right, 
where they are about °/, the size of the lower trachea. 
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The position of the head and neck determines the amount of stretch of th 
trachea. In all the operations to be described, the dogs rested supine on a flat 
table; whenever measurements were to be made, the body of the mandible was 
held parellel to the table surface. As soon as the trachea was exposed anteriorly, 
the length to be resected was marked out and measured in situ without freeing 
it up. Tension required to bring the ends of the divided trachea together was 
measured, using a pair of forceps hinged at the center and fastened to a rigid 
bar by a pivot on 1 handle. <A cord attached to the other handle passed over a 
pulley at the far end of the bar and was attached to a large rubber balloon 
(Fig. 1). The distance from the hooked tips of the forceps to its hinge was 
equal to the distance from the hinge to the attached cord. The tips of the 
foreeps were hooked into loops of thread on the 2 ends of the trachea, and an 
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Fig. 1.—Apparatus used to measure tension on the tracheal anastomosis. 


amount of water was added to the balloon just sufficient to maintain apposition 
of the cut surfaces during the inspiratory tug. The amount of water in cubic 
centimeters plus the weight of the balloon in grams equalled the grams of tension 
at the site of anastomosis. Friction was neglected and measurements were read 
only to the nearest 5 Gm. The figures given are for the trachea as a whole; 
the tension per centimeter would be roughly % as much. The initial tension 
was measured when the trachea was first divided, and the final tension after a 


segment had been resected. 
In all operations the usual sterile technique was followed. Penicillin, 5,000 
units in 5 ¢.e. of saline solution, was instilled in the wound just before closure. 
Altogether, 92 operations were performed upon 59 dogs. Most of the dogs 
had been, or were subsequently, used for other unrelated experiments. 
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A Method of Tracheal and Tracheobronchial Anastomosis——There are 
several ways of performing anastomosis of the trachea, and under favorable 
conditions any of them may be successful. Certain difficulties should be 
anticipated, however, including strong tension on the anastomosis, friability of 
the tissues, leakage of air, stricture formation, and discrepancy in diameter of 
the 2 ends to be sutured. In the experiments to be described, the method of 
anastomosis which best met these obstacles is the following. Division of the 
trachea (or bronchus) is begun by incising a cartilaginous ring from 1 end to 
the other, down to the mucosa, leaving 4% to 14 the ring on the end to be sutured. 
The part of the ring to be removed is then freed up from the underlying mucosa 
to the next annular ligament, where the mucosa is divided evenly all around the 


Fig. 2.—Tracheal anastomoses, inner surface; resected on the eighth postoperative day. Inter- 


rupted silk. Dogs weighed 30 and 9 kg. 


trachea, leaving a small cuff, the edge of which retracts to within a millimeter 
or 2 of the divided ring (Fig. 10, c). The section is completed by dividing the 
posterior membrane. The other end of the segment to be removed is similarly 
divided. Anastomosis is begun by placing 3 or 4 sutures through the posterior 
membrane, not including the mucosa. These are so placed as to adjust any differ- 
ence in diameter of the 2 ends, so that the more rigid cartilaginous rings will 
fit evenly all around. Sutures are then placed every 3 mm. around the 2 seg- 
ments of ring, outside the mucosa. When these sutures are tied the mucosal 
edges are approximated, and the sutures should not be visible from the lumen 
(Fig. 2). 

When anastomoses of this type were made with 0000 silk in 8 excised human 
and 15 eanine tracheas, the tensile strength was always more than 17 ke. 
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Similar strength was obtained by suturing around 1 intact ring at each end 
Division through the annular ligament and anastomosis with mattress sutures 
through this ligament gave a tensile strength of 9 to 12 kg. in the same specimens. 
These figures apply to the whole anastomosis; the tensile strength per centimete 
would be approximately 4% as much. During the healing period some decrease 
in strength occurs—a few measurements indicated a loss of about 30 per cent 
on the fourth to sixth day—but there is evidently a large margin of safety. 
Measurements were also made of the amount of intraluminal air pressure 
these anastomoses would stand before leaking. A manometer was tied into one 
end of the trachea and a source of compressed air into the other. The specimen 
was immersed in saline solution and the pressure noted when bubbles appeared. 








Fig. 3.—Anastomosis from dog sacrificed four months after resection of 5.0 em. of the trachea. 
Catgut; tension 230 Gm. 


The lowest pressure at which leakage occurred, usually through a needle hole, 
was 70 mm. Hg. Most of the anastomoses withstood 300 mm. Hg. In other 
specimens, where the mucosal cuff was omitted, the union could be made equally 
airtight by including adjacent muscle in the sutures. These are much higher 
pressures than are likely to occur under natural circumstances, and leakage 
was not observed in anastomoses made by these methods in living animals. 

An evenly matched tracheobronchial anastomosis, on either side, can be 
made end-to-end by the first method described above in either dogs or human 
heings (cadavers). The difference in diameters is easily adjusted by stretching 
the bronchial posterior membrane, and suturing it to both ends of the tracheal 
cartilage as well as to the tracheal membrane, which remains contracted (Fig. 
10, c). 
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Friability of the tissues to be sutured may be encountered in the diseased 
trachea. Experimentally, this condition was found in several instances where 
repeated resections of the same trachea were done, especially if the interval was 
3 weeks or elss, and if an unsuccessful attempt at reconstruction or a poor type 
of anastomosis had been made. Mattress sutures through the annular ligament 
tore out repeatedly under such conditions; even the cartilage seemed softer than 
normal, and it tore or split if the suture was passed through it. Anastomosis 
could be made, however, either by the method previously described, or by 
passing sutures around intact rings, as advised by Nach and Rothman (1943). 





Fig. 4. Fig. 5. 


Fig. 4.—Photomicrograph of anastomosis from larger specimen shown in Fig. 2. Eighth 
postoperative Cay. 
_ Fig. 5.—Photomicrograph of tracheal anastomosis sixteen days after operation. Catgut; 
tension 200 Gm. 





The remaining difficulty of those just listed—stricture formation—will be 
discussed subsequently. 

Tracheal Resections.—Resection and anastomosis of the cervical trachea 
were carried out 58 times in dogs. When freed up and stretched, the trachea 
carries its blood supply from above and below, and in all anastomcses there was 
free bleeding at both ends. In 36, the mucosal cuff was fashioned as described. 
A few minor protrusions of scar tissue and some granulomas with extruding silk, 
such as those seen in Fig. 14, were the only complications (Table I). The 
typieal gross and microscopic appearance of these anastomoses may be seen in 
Figs. 2 through 6. 
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In the other 22 operations the mucosal cuff was omitted, which meant that 
there was a 2 to 6 mm. gap in the mucosa on completion of the anastomosis. 
The trachea was cut through the cartilage and mucosa at the same level in 6 
instances, and sutures passing around the segments of ring were visible in the 
lumen. The anastomosis was made leak-proof by including muscle in the 
sutures. In 3 dogs a mucosal cuff was retained on the left side only. In the 
remaining 13 operations in this group, the trachea was divided through the 
annular ligament and anastomosed with mattress sutures. The silk passed 
through the cartilages posteriorly where they flare out. 





Fig. 6.—Photomicrograph of tracheal anastomosis fifty-five days after operation. Interrupted 
silk; tension 200 Gm. New cartilage is surrounding the divided rings. 

Results on the whole were less satisfactory in the second of the 2 groups 
(Table II). Some strictures developed, though they did not cause signs of 
obstruction. In the dogs with mucosal apposition on only 1 side, that side healed 
better in each instance (Table II). 

At the conclusion of the experiments the dogs still living with tracheal 
anastomoses were evaluated by means of bronchoscopy and palpation of the 
suture line through the neck. 

There was no mortality from tracheal resection ; no dog died within 2 weeks 
of the operation, or at any time as a result of it. 

Suture Material—Twenty-day chromic catgut, size 000, was used for 15 
anastomoses and gave excellent results in all but 2, where there was undue 
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TABLE IV. VARIOUS ATTEMPTS AT RECONSTRUCTION OF SEGMENTS OF THE CERVICAL TRACHEA 
IN EIGHTEEN Dogs 


























LENGTH PRO- | 
RE- TEN- | GUT |POSTOP. TRU- 
TYPE OF DOG |WEIGHT | SECTED] SION OR DAY STEN- | SION OF | PNEU- 
OPERATION NO. ( KG.) (CM.) | (GM.) | SILK | EXAM. OSIS SCAR |SLOUGH] MONIA 
Tracheal 1 10 1.6 g 8 x x ‘ag 
homograft 2 17 1.8 . 69 x x 
3 17 1.7 s 31 x x 
+ 26 1.9 s 38 x x 
5 16 1.8 s 16 x » 
6 18 a2 s 16 x x 
7 25 1.6 g 24 x x 
Tracheal 8 14 1.6 100 s 20 x x 
autograft 9 12 2.9 85 . 8 x 
10 15 2.6 95 g 15 x x 
11 7 2.0 70 g 22 x x 
Costal 12 20 1.6 g 13 
cartilage 
Aortic 13 6 1.6 g 4 x x 
homograft 14 + 2.0 25 g 6 x x 
Tantalum 15 11 1.6 75 s 42 x 
gauze tube 16 16 1.3 70 s 9 x 
17 14 1.6 100 s 30 x 
18 12 1.6 125 s 20 x 





stretching of the sear (1 tracheal and 1 tracheobronchial). In a few others 
there was a little separation of the rings on 1 side, indicating that the suture had 
broken prematurely. The catgut was interrupted at 4 places around the trachea. 

Anastomoses made with interrupted 0000 silk did not show any stretching 
of the sear. However, the sutures frequently worked their way into the lumen, 
or they had been passed through the mucosa unintentionally, causing granu- 
lomas which healed as small fibrous protrusions when the silk was completely 
extruded (Fig. 14). Since the mucosa healed promptly between and over most 
of the sutures, strictures did not result from this process. The silk was more 
reliable, but gave a less satisfactory scar than was usually the case with catgut. 

Stenosis.—Stricture formation at the site of anastomosis has been recognized 
from the earliest experiments.* It may be defined for our purposes as narrowing 
of any diameter of the tracheal lumen to *% or less of normal. Signs of obstrue- 
tion, such as stridor, were not observed in any animal until the diameter of the 
lumen was reduced to 14 or less of normal, but less severe strictures may prove 
troublesome if a respiratory infection develops. 

Severe stenosis occurred in nearly all the attempts at tracheal reconstruc- 
tion by means of grafts (Table IV), but was uncommon with end-to-end anas- 
tomosis. In the latter group it was the result in 3 eases where the mucosa had 
not been approximated. In these 3 instances mucosa slowly covered the granu- 
lating area, after which the lumen was not further narrowed; in 1, appreciable 
widening of the stenotic area was observed bronchoscopically over a period of 
weeks after the mucosa healed. Two of the 3 are shown in Fig. 9. 

Healing Properties of Tracheal Mucosa.—F rom the foregoing it appeared 
that the tracheal mucosa did not bridge small gaps very rapidly. To test this 
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Fig. 8.—Length of trachea which can be resected in per cent of the total length, in relation 
to the tension on the anastomosis. Data from operations on dogs, 
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assumption further, the following experiment was performed in 8 dogs. The 
anterior wall of the cervical trachea was incised longitudinally through 6 rings, 
and a circumferential strip of mucosa 1 em. in width was removed. It did not 
strip off easily, and small injuries to the perichondrium of the 2 underlying 
rings occurred. No tracheal blood vessels were ligated; bleeding was stopped 
by maintaining pressure for a few minutes. 

Two of the dogs were then operated on again at each of 5, 10, 15, and 20 day 
intervals, at which times 8 or 10 rings were resected, including the area of 
mucosal excision. 





; Fig. 9.—Resected tracheal segments from two dogs, showing stricture formation at the 
site of anastomosis. Upper specimen thirty-two days and lower specimen seventy-one days 
after operation. Mucosal cuff was omitted. Upper, silk; lower, catgut; tensions 200 and 220 
Gm. 


Specimens removed at 5 days showed no gross or microscopic growth of 
epithelium. A small amount of granulation tissue could be seen at the edges of 
the wound. The cartilage was bare in some areas where the perichondrium had 
been destroyed. 

At 10 days there was more granulation tissue, but bare cartilage was still 
visible. There was less than 1 mm. of new epithelium growing from the edges 
of the wound as a single layer of nonciliated cells. 

At 15 days 1 specimen showed a thin layer of granulation tissue, covered 
over one-half its extent by a single layer of nonciliated epithelial cells. The 
other specimen contained a large, protruding area of granulations, with very 
little growth of epithelium from the edges. The lumen was reduced to less than 
\ of normal, partly, however, due to straightening out of the divided rings. 
Bits of necrotic cartilage were present in the granulations. 
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One of the 20 day specimens appeared to be nearly healed with little change 
in size of the lumen. Microscopically there was a single-celled layer of epithelium 
over most of the excised area. Granulating areas containing bits of necrotic 
cartilage were also present, however. The other trachea showed a very firm 
stricture, especially posteriorly. The lumen measured 2 by 10 mm. Micro- 
seopically there was abundant new connective tissue with only a small growth 
of epithelium at the edges. 

In general, the growth of epithelium was not especially rapid. Sloughing 
of unprotected bits of cartilage probably interfered to some extent with healing. 

Length Resectable.—The question how much of the trachea can be resected, 
with resuture, naturally arises. Nowakowski gave a figure of 3 to 5 em. from 
his studies on adult human cadavers. About twice this much can be removed 
from dogs. The resectable length in a given instance depends on the elasticity 
of the trachea, the mobility of the larynx and hilar structures, and the position 
of the head and neck. 

The elasticity of the trachea was measured in the following way. Tracheas 
excised from 10 dogs and from 10 human eadavers were measured in the resting 
state and then suspended from the ericoid eartilage. Graduated weights were 
then attached to the carina. The resulting increase in length is shown graphically 
in Fig. 7. 

The greatest increase in a dog’s trachea was 45 per cent, in a young dog 
weighing 15 kg.; the smallest, 14 per cent in an old dog weighing 30 kg. Cor- 
responding values in the human tracheas were 35 per cent in a woman aged 
28, and 17 per cent in a man aged 76, both being of average size. It is apparent 
from Fig. 7 that most of the stretch obtainable is reached in both species at 
a tension of about 200 Gm. 

Measurements were made in living dogs of the tension required to bring the 
divided ends of the trachea together after successively longer segments were 
removed. The per cent of length resected was calculated by assuming that the 
total length of the trachea at the initial tension was the same as that of an 
excised trachea from a dog of similar size under the same tension. These data 
are shown graphically in Fig. 8; when compared with the measurements from 
excised tracheas, they indicated that mobility of larynx and earina is of impor- 
tance in obtaining the resectable length. The carina is less mobile in the human 
being than in the dog. 

In the living dog most of the resectable length is obtained at a tension of 
about 450 Gm. at the anastomosis. At this tension aortic pulsation is readily 
felt on the lower segment, and any greater pull on the upper segment tends to 
bend the neck forward. 

It has just been shown that anastomoses can stand, at least initially, 35 to 
40 times this much tension. In the 11 dogs in which suture of the trachea was 
performed at 450 Gm. tension or more, healing was satisfactory. Of course the 
tension varied greatly with movement of the head and neck; it was at times 
greater than the measured amount, as the dogs showed no restraint in extending 
and stretching their necks after operation. 
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Serious disruption of the anastomosis occurred in only 1 dog, in which an 
interrupted mattress suture was placed in the annular ligament at a tension 
of 265 Gm. This was a second resection, and the tissues were somewhat friable. 

Permanent elongation of the trachea, due to stretching of the annular 
ligaments, was observed in dogs undergoing second and third resections. At the 
second and third operations the initial tension was considerably less than the 
tension at which the previous anastomoses had been made (Table III). There- 
fore more length could be removed in stages than at 1 operation. In these 


Fig. 10.—Drawing illustrating a method of tracheobronchial anastomosis. The tip of 
the breathing tube (a) is of thin rubber reinforced with spring wires soldered to a metal ring 
at the proximal end. The distal rubber ring is sutured into the bronchus with three to five 
temporary sutures (b). The vessel to the right lung having been ligated and divided, the 
trachea and left bronchus are cut across through the cartilaginous rings, as indicated by the 
dotted lines. The intervening segment is removed, together with the right lung, by incising 
the posterior membrane. Anastomosis is then made (¢€) as described in the text. Mucosal 
cuffs are retained at each end to be sutured. The tube is withdrawn when the anastomosis 


is complete. 


experiments the longest piece excised was 8.8 em. (1614 rings), or 41 per cent 
of the estimated length of the trachea. The greatest total amount removed in 
three stages was 10.3 em. (18 rings), or 46 per cent. 

Tracheobronchial Anastomosis.—In order to perform such an operation 
unhurriedly in a living animal, an air tube may be fastened into the distal part 
of the primary bronchus (Fig. 10, a and 6). Conical endpieces of varying 


size were made from natural latex by dipping.* Thick rings of rubber are 


*Acknowledgment is made to the American Anode Company, Inc., of Akron, Ohio, fo! 
materials and technology of latex dipping. 
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formed at the open end, from which thin walls taper to the point of attachment 
of the air tube. The walls are supported by 9 spring wire loops, soldered to a 


metal ring at the proximal end. The wire is 0.011 inch in diameter. The end- 


piece, which is firmly attached to a rubber or plastic breathing tube of about 
4.5 mm. internal diameter, may be folded up inside an ordinary intratracheal 
tube for introduction; it regains its proper shape, and the rubber ring at the 
end, 18 to 21 mm. in diameter, fits snugly into the bronchus to be anastomosed. 


Fig. 11. Fig. 12. 
Fig. 11.—Anterior view of tracheobronchial anastomosis in a dog, sixty-five days after 
operation. Catgut, left side. 


Fig. 12.—Same specimen as Fig. 11, opened posteriorly to show inner surface. 


It is essential to suture the tube securely in place, with from 3 to 5 sutures 
passing around the rubber ring and through the thin wall of the endpiece (Fig. 
10, b). The sutures are removed when the anastomosis is complete, and the 
tube is withdrawn. The conical shape of the endpiece leaves room for division 
and suture of the bronchus just proximal to the rubber ring. The proximal part 
of this bronchus, the opposite lung, together with the carina and a 2.5 em. seg- 
ment of the lower trachea may then be removed en bloc, cutting the posterior 
membrane to get around the tube. 

This operation was performed in 8 dogs; in 5 the right lung, and in 3 the 
left was removed. Two of the dogs died, 25 and 28 hours after operation, of 
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atelectasis due to plugging of the secondary bronchi with secretion. The other 
6 dogs recovered rapidly. [Four of them have been sacrificed while in good 
health at intervals of from 28 to 65 days after operation. The remaining 2 are 
living and well after 13 months, at which time bronchoscopy shows apparently 
well-healed anastomoses. 

Six of the operations were done with catgut and 2 with silk. Tension on the 
anastomosis was about 200 Gm. in each ease. In 1 of those where catgut was 
used the scar had stretched to about 1 em. in length at 28 days. The others 
were well healed (Figs. 11 through 14). 





Fig. 13. Fig. 14. 


Fig. 13.—Right tracheobronchial anastomosis in a dog, fifty-two days after operation. 
Interrupted silk; tension 200 Gm. 
Fig. 14.—Same specimen as Fig. 13, opened posteriorly to show inner surface. 





Tracheal Homografts—Segments of the cervical trachea in 7 dogs were 
excised and replaced by similar segments from other dogs. The grafts were 1.5 
to 2.0 em. in length. Anastomoses were made with a mucosal cuff as described 
previously, using silk in 4 and catgut in 3. The grafts in % dogs were segments 
exchanged from 1 to the other at the same operation. In four instances the 
grafts were kept refrigerated in sterile saline solution containing 500 units of 
penicillin per cubie centimeter for from 1 to 4 days. One graft was put in 
saline solution and heated to boiling for 5 minutes. 
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The wounds healed well, and for a time the dogs appeared healthy. 
Bronchoscopic examinations after 7 to 10 days showed disappearance of the 
transplanted mucosa, bare cartilaginous rings, and granulation tissue at the 
suture lines. The graft which was heated showed sloughing of the mucosa in 2 
days, and the transplanted rings were coughed out on the fifth day. 

The dogs survived from 8 to 69 days after operation. All developed severe 
stenosis and died of tracheal obstruction and pneumonia. The grafted area was 
a mass of scar tissue; in 3 dogs dying after 1 month no grossly recognizable 
elements of the transplant were present. Microscopic sections showed a mass 
of connective tissue containing bits of necrotic cartilage. There was no epithelial 
covering. 

Tracheal Autografts—Autografts were performed in 4 dogs by resecting 
a segment 1.5 to 2.0 em. in length from the cervical trachea and immediately 
suturing it back in place, discarding 2% rings to permit the use of mucosal 
cuffs at each end. Tension on the anastomosis was 70 to 100 Gm. Silk sutures 
were used in 2 and catgut in 2. 

After 8 days the graft was grossly intact except that the mucosa was dis- 
colored. Microscopic section showed that some of the mucosa in the graft was 
apparently living, but large areas were necrotic (Fig. 15). 





Fig. 15.—Photomicrograph of tracheal autograft, eight days after operation. Part of the 
ig Ryh gE. a ee anastomosis, which appears to be healing. There is necrosis 

The other 3 dogs developed severe stridor and cough after 15, 20, and 22 
days, and resection of the grafted area was performed. There was marked 
fibrous stenosis, with almost complete disappearance of the graft. Microscopic 
sections showed granulation tissue, necrotic cartilage, and no epithelial growth. 

As it is well known that cartilage grafts must be well nourished on all sides 
if they are to survive,” ** it could hardly be expected that tracheal grafts would 
live. The hope that the transplant would survive long enough for new cartilage 
and mucosa to bridge the gap was not realized. 

Costal Cartilage Transplant.—In 1 dog a segment of cervical trachea 1.5 
em. in length was removed and the free ends of the trachea were sutured with 
catgut to the adjacent muscles. Two of the lower costal cartilages, each 3 em. in 
length, were excised from each side of the same animal and embedded immedi- 
ately in the neck muscles, bridging the tracheal gap a few mm. from the lumen. 
They were arranged parallel with the trachea and equally distant from each 
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other, in a manner designed to prevent herniation of the muscle into the trachea. 
It was thought that the muscle would provide a good bed for the growth of 
tracheal mucosa across the gap. 

The wound healed normally. After 10 days there was stridor and cough; 
3 days later the obstruction was nearly complete and the animal was sacrificed. 
The gap between the ends of the trachea was shortened and filled by a firm, 
fibrous stricture growing in from the muscle (Fig. 16). There was no evidence 
of infection in the wound and the costal cartilages appeared to be healing in 
place. 





: Fig. 16.—Photomicrograph of tracheal recons' ruction with costal cartilage and muscle, 
thirteen days after operation. The mucosa has made little progress. Death due to tracheal 
stenosis. 


Aortic Transplants.—Pieces of aorta were transplanted into tracheal defects 
in 2 dogs. They were obtained from large dogs freshly killed, and were re- 
frigerated a few hours in saline-penicillin solution before being used. Segments 
1.6 and 2.0 em. in length were excised from the cervical tracheas of 2 very small 
dogs, and were replaced by pieces or aorta of equal length and diameter. 
Tension on the anastomoses was 40 and 25 Gm., which was sufficient to hold 
the lumen open. One dog died after 3 days, and the other after 6 days. The 
grafts both sloughed out and obstructed the trachea. 

Tantalum Gauze.—Tracheal segments in 4 dogs were excised from the neck 
and replaced with tantalum gauze,**® 0.003 inch 50 mesh. The gauze was bent 
into a tube 3.2 em. long, and fitted over the ends of the trachea, which were 
separated 1.6 em. in each case. The gauze overlapped 1% rings at each end, 
and was sutured to the annular ligaments with interrupted silk. The gauze 
quickly became impregnated with fibrin, and when the neck muscles were sutured 
over it, there was very little leakage. 

Specimens were resected at 9, 20, and 42 days. At 9 days the gauze was 
firmly held in place by fibrous tissue. Most of the luminal surface was covered 
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with a thin layer of granulation tissue. At 20 days the appearance was similar, 
and there was only a small area where the gauze was bare. The epithelium, 
however, had made little or no progress. 

At 42 days cough and stridor were present and the lumen was narrowed 
to 3 or 4 mm. in diameter by a fibrous stricture, over which there was no 
epithelium. The gauze was bent inward on each side and was firmly embedded 
in the scar except for 2 small patches which were bare on the luminal surface. 

One dog is still living. Bronchoscopy at 30 days shows beginning stric- 
ture formation. 

DISCUSSION 


The surgical problems involved in tracheal resection and anastomosis appear 
to be relatively simple and easily solved. Resection of the trachea was recognized 
many years ago as the best treatment for benign strictures. It was suggested by 
Seott (1928), following his successful suture of an accidental transverse division 
of the trachea, that section and resuture of the trachea might be worth while to 
obtain exposure of the esophagus. 

Tumors of the trachea, which are uncommon,’ are most often treated by 
partial excision, fulguration, or irradiation.** It would be better to remove 
them completely, because malignancy may be overlooked, or may develop later.° 
It would appear from these studies that any tumor involving 44 to % of the 
trachea or less could be safely treated by total excision and anastomosis. 

Bronchogenie carcinoma is generally considered inoperable when it involves 
the trachea or carina.*' In suitable cases a tracheobronchial anastomosis would 
permit resection of this area along with the involved lung. Penetration of the 
trachea over a limited area by carcinoma arising in the esophagus should not in 
itself render the lesion inoperable. 

The problem of tracheal reconstruction is much more difficult, and has 
not been entirely solved. Though some success has been reported with the use 
of rigid tubes, difficulties were apparent. There was always the danger, for 
example, that the tube would unexpectedly come loose and obstruct the airway. 
None of the present attempts at reconstruction succeeded, but in every instance 
more than the reconstructed segment could easily have been resected, with anas- 
tomosis. Apparently the 2 ends of normal trachea properly sutured together 
will heal satisfactorily under much greater tension and with less likelihood of 
stenosis than will trachea sutured to the other viable or nonviable structures so 
far tested. 

SUMMARY AND CONCLUSIONS 


Tracheal resection and anastomosis have been studied in a series of 58 opera- 
tions on dogs. A method of anastomosis affording accurate approximation of 
the mucosa and maximal tensile strength is described. Use of this method in 
resections up to 8.8 em. in length resulted in no strictures or other serious com- 
plications. There was no mortality. 

The development of stenosis at the suture line was invariably associated 
with failure to approximate viable mucosal edges. Evidence is presented that 
the tracheal mucosa does not always cover small defects rapidly. 
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As a general rule, from 14 to % of the tracheal length can be safely excised 


with end-to-end anastomosis. In the dog most of the resectable length is ob- 
tained at a tension of about 450 Gm. at the anastomosis, with the head in neutral 
position. Permanent elongation of the trachea can occur, and more length can 
be removed in stages than at 1 operation. 


Resection of 1 lung, part of the opposite bronchus, and the lower trachea 


and carina was carried out in 8 dogs, with end-to-end tracheobronchial anas- 
tomosis. Although 2 of the dogs were lost on the first postoperative day from 
atelectasis, the other dogs remained in good health until sacrificed. The anas- 
tomoses healed satisfactorily. 


Attempts at reconstruction of short tracheal segments in 18 dogs by means 


of tracheal homografts, tracheal autografts, free transplant of costal cartilage, 
aortic grafts, and tantalum gauze, were all unsuccessful. 


The comparative ease and safety of tracheal resection and anastomosis sue- 


gest that where indicated this operation may properly be used in place of less 
effective measures. 
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Chirurgie De L’Uretre. L. Sabadini, Professor of Urology, Faculty of Medicine, Algiers. 


Pp. 373, with 411 illustrations. Paper covered, in French. Paris, 1949, Masson & 
Cie. 


The author, who is Professor of Urology at the Faculty of Medicine in Algiers, points 
out that disease and injuries of the urethra are very prevalent in North Africa, as indeed 
they must be to furnish the wealth of material for this book. The author states in his fore 
word that the work is intended to be practical rather than didactic, and it is, there being no 
formal references to the literature. 

He discusses the anatomy and examination (largely by urethrography) of the urethira, 
then goes on to ruptures of the urethra, their complications and treatment. Next come wounds 
of the urethra and glans penis (the latter mainly from ritual circumcision), then the surgical 
complications of gonorrhea, including prostatic abscess. Strictures and extravasation are 
discussed at some length, and there is a brief discussion of cancer of the penis. 

One may summarize the author’s attitude briefly by saying that he favors the excision, 
wherever possible, of a badly traumatized, strictured, or inflamed segment of the urethra, 
followed by plastic closure or anastomosis over a catheter supplemented by suprapubic drain 
age. There are many excellent diagrams and innumerable urethrograms, both pre- and _ post- 
operative, most of the latter showing excellent results. Urethral and prostatic calculi are 
removed by open operation, but Sabadini points out that, during the war, they had practically 
nothing in the way of endoscopic equipment. 

This is an interesting work which suggests that most urologists have been a bit too 
conservative in treating badly injured or severely strictured urethras. 





ANNOUNCEMENT 





The Fifteenth Annual Assembly of the United States Chapter of the International 
College of Surgeons will be held in Cleveland, Ohio, October 31 to November 3, with head- 
quarters at the Cleveland Hotel. 

Surgical clinies will be held in several Cleveland hospitals on Monday, October 30. All 
scientific sessions will be held at the Cleveland Public Auditorium 9 A.M. to 5 P.M. Tuesday 
through Friday. An excellent program has been arranged, at which time some of the most 
prominent surgeons of America, and some foreign speakers, will discuss the current con- 
temporary surgical scene. 

Through the courtesy of Smith, Kline, & French Laboratories, a colored television pro- 
gram of surgical procedures, originating from the St. Vincent’s Charity Hospital, Cleveland, 
will be shown daily in the auditorium from 9 A.M. to 1 P.M. Motion pictures will also be 
presented each day depicting many of the recent advances in surgery and surgical technique 

One of the highlights of the meeting will be the annual banquet at the Statler Hotel 
on Thursday evening when Dr. Frank Lahey of Boston will talk on ‘‘Some of the Recent 
Advances in Surgery.’’ Dr. Elmer Henderson, President of the American Medical Association, 
will deliver an address on ‘‘The Importance of International Cooperation in Surgery.’’ 

Reservations may be secured by writing to the Committee on Hotels, International 
College of Surgeons, 511 Terminal Tower, Cleveland 13, Ohio. Preliminary programs may be 
obtained from the central office, 1516 Lake Shore Drive, Chicago 10, Il. 
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